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CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority of U.S, Provisional Patent Application 
60/429,385, filed November 27, 2002, which is herein incorporated by reference in its 
entirety. 

20 

FIELD OF THE INVENTION 

This invention relates generally to the production of immunoglobulin 
compositions in plants, wherein at least a portion of the glycans attached to the plant- 
produced immunogobulins lack fucose. This invention also relates generally to the 
25 production of monomeric antibody compositions in plants, wherein at least a portion 
of the glycans attached to the plant-produced monomeric antibodies lack fucose. An 
immunoglobulin produced by the methods of the present invention can be of any class 
(IgG, IgA, IgM, IgE, IgD, etc.) or isotype. In addition, this invention also relates to 
the production of monomeric inmiunoglobulin A (monomeric IgA) antibody 
30 compositions in plants, wherein the monomeric IgA antibodies lack fucose by virtue 
of missing the antibody tailpiece which has the only glycosylation site typically 
fucosylated. This invention also relates to the production of anti-herpes simplex virus 
(HSV) monomeric immunoglobulin A (anti-HSV monomeric IgA) antibody 
compositions in plants, wherein at least a portion of the glycans attached to the anti- 
35 HSV monomeric IgA antibodies lack fucose by virtue of missing the antibody 
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tailpiece which has the only glycosylation site typically fucosylated. In addition, this 
invention also relates to the production of monomeric immunoglobulin G (monomeric 
IgG) antibody compositions in plants. This invention also relates to the production of 
anti-alpha- v-beta3, alpha-v-beta5 aVp3 and aVpS) dual integrin IgG antibody 
5 compositions in plants, wherein at least a portion of the glycans attached to the plant- 
produced antibody compositions lack fucose. The invention also provides the 
constructs; plasmids; vectors; transformed plant cells, plant calli, plant tissues, 
plantlets, seeds and whole plants used to produce all such inununoglobulins and 
antibodies; the methods of producing such immunoglobulins and antibodies; the 
10 immunoglobulins and antibodies produced by the disclosed methods; and the use of 
such inununoglobulins and antibodies. 

BACKGROUND OF THE INVENTION 

All referenced publications and patent applications herein are incorporated by 
15 reference to the same extent as if each individual publication or patent application was 

specifically and individually indicated to be incorporated by reference. 

The following description includes information that may be useful in 

understanding the present invention. It is not an admission that any of the information 

provided herein is prior art or relevant to the presently claimed inventions, or that any 
20 publication specifically or implicitly referenced is prior art. 

Increasingly, greater attention is being focused on the production and use of 

larger and more complex protein molecules as therapeutic agents. Examples of such 

therapeutic proteins include antigens used in vaccinations to induce immune 

responses and antibodies. 
25 Plants have great potential as hosts for the production of manmialian 

therapeutic proteins including multimeric proteins such as antibodies. See, for 

example, Hiatt, A. et a/.. Nature 342(6245):76-78 (1989); Hein et al, Biotechnol. 

Prog. 7(5):455-461 (1991); Hiatt, A., and Ma, J.K., FEES Lett 307(l):71-5 (1992); 

Ma et al, Eur. J, Immunol. 24:131-138 (1994); Ma et aZ., TIBTECH 13:522-527 
30 (1995); Zeitlin et al. Nature Biotechnology 16(1361-1364 (1998); Ma, H.K.-C et al 

Nature Medicine 4(5):601-606 (1998); Miele, L., Trends Biotechnol. 15: 45-50 
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(1997); Khoudi et al. Biotechnology and Bioengineering 64(2): 135-143 (1999); and. 
Hood, E. E. & Jilka, J. M., Curr. Opin. Biotechnol. 10: 382-386 (1999). The benefits 
of using plants for antibody production include large scale production, reduced costs 
for production, maintenance and delivery as well as eliminating the risk of the 
5 resultant product containing possibly hannfiil contaminants such as viruses or prions 
that are pathogenic to humans and other mammals. Plants, like other heterologous 
expression systems including mammalian cells, bacteria, yeast, and insects, exhibit 
differences in glycosylation. See, for example, Ma et al.. Science 268:716-719 
(1995); Jenkins etaL. Nat. Biotechnol. 14: 975-981 (1996); and Lerouge etal. Plant 
10 Mol. Biol. 38: 31-48 (1998). 

In plants, as in other eukaryotes, most of the soluble and membrane bound 
proteins that are synthesized on polyribosomes associated with the endoplasmic 
reticulum (ER) are glycoproteins, including those proteins which will later be 
exported to the Golgi apparatus, lysosomes, plasma membrane or extracellular matrix. 
15 The glycans attached to glycoproteins contain a variety of sugar residues linked in 
linear or branched structures that can assume many different conformations. These 
glycans can play a fundamental role in promoting coirect protein folding and 
assembly and, as a consequence, enhance protein stability. They may also contain 
targeting infonnation, or may be directly involved in protein recognition (Maia etal., 
20 Genetics and Molecular Biology 24: 23 1-234 (2001)). The three main 

posttranslational modifications of proteins that involve caibohydrates are N- and O- 
linked glycosylation and the insertion of glycosyl phosphatidyl inositol anchors. 

The iV-linked glycosylation mechanisms in mammaUan and plant systems 
have been conserved during evolution. However, differences are observed in the final 
25 steps of oligosaccharide trinmiing and glycan modification in the Golgi apparatus. In 
contrast to bacteria, having no iV-linked glycans, and yeast, having polymannose 
glycans, plants produce glycoprotein multimers with complex iV-linked glycans 
having a core substituted by two Macetylglucosamine (GlcNAc) residues. These 
glycoprotein multimers are also observed in mammals. See, for example, Komfeld 
30 and Komfeld, Ann. Rev. Biochem. 54: 63 1 (1985). Plant and animal 

glycopolypeptide multimers contain different terminal carbohydrates that are directiy 
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linked to the outer branches of the oligosaccharides present. Animal 
glycopolypeptide multimers, including mammalian glycopolypeptide multimers, have 
sialic acid present as a terminal carbohydrate residue, while plant glycopolypeptide 
multimers do not. The terminal core is substituted by pi,2-linked xylose (Xyl) and 
5 al ,3-linked core fiicose (Fuc) instead of al ,6-linked core fucose as occur in 
manmials. Furthermore, plant glycoprotein multimers lack the characteristic 
galactose (Gal)- and sialic acid-containing complex iV-glycans (A^-acetylneuraminic- 
a2-6/3Gal3l-4) found in manmials. See, for example, Sturm et al, J. Biol. Chem: 
262: 13392 (1987). A murine monoclonal antibody produced in transgenic plants 

10 with plant-specific glycans was found not to be immunogenic in mice (Chargelegue et 
al. Transgenic Research 9:187-194 (2000)). 

Antibodies have conserved A^-Unked glycosylation of the Fc region of each of 
the two heavy chains. Human IgA antibodies have O-Iinked oligosaccharides in their 
hinge portion and two //-linked carbohydrate chains; one occurring on an asparagine 

15 (Asn) residue in the CH2 region of the heavy chain and the other on an Asn residue in 
the tailpiece region. See, for example, Baenzinger, J. and Komfield, S J., Biol. 
Chem. 249:7260-7269 (1974); andTorano et al, PNAS 74:2301-2305 (1997). 
Fucosylation of the IgA isolated from human semm occurs only on the Asn in the 
tailpiece region (Tanaka et al, Glycoconj. J. 10: 995-1000 (1998)). 

20 Hiatt et al have produced transgenic plants expressing nucleotide sequences 

encoding individual or assembled immunoglobulin heavy- and light-chain 
inununoglobulin polypeptides. Each inmiunoglobulin product was expressed as a 
proprotein containing a leader sequence forming a sequence which directs the protein 
into the endosecretory pathway allowing correct assembly and glycosylation of the 

25 antibody molecule. The leader sequence is cleaved from the mature protein. See, for 
example, U.S. Patent Nos. 5,202,422; 5,639,947 and 6,417,429. Methods for the 
coordinated expression and production of secretory inununoglobulins containing 
heavy chain, hght chain, J chain and secretory component polypeptides which are 
assembled into functional antibodies have been disclosed. See, for example, U.S. 

30 Patent Nos. 5,959,177; 6,046,037 and 6,303,341. Each of the U.S. patents cited 
herein is incorporated by reference in its entirety. A murine inununoglobulin 
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transmembrane sequence was used for plasma membrane targeting of recombinant 
inmiunoglobulin chains in plants (Vine et al. Plant Molecular Biology 45:159-167 
(2001)). 

5 SUMMARY OF THE INVENTION 

The importance of this invention centers around simplifying the 
immunoglobulin profile for the manufacturing of inmiunoglobulin compositions in 
plants. In one aspect, this invention provides the materials and methods to produce 
immunoglobulins in plants, wherein at least some of the glycans attached to the 

10 inmiunoglobulins are not fucosylated (z.e., at least one of the glycans lack fucose 
and/or the immunoglobulins are at least partly afiicosylated). In another aspect, this 
invention provides the materials and methods to produce monomeric 
immunoglobulins in plants, wherein at least some of the immunoglobulins comprise 
glycans which are afucosylated. Thus, in one aspect, this invention provides the 

15 materials and methods to produce IgA, IgD, IgE, IgG and IgM compositions in plants, 
wherein the compositions comprise at least one glycan structure that lacks fucose. In 
yet another aspect, this invention provides the materials and methods to produce 
immunoglobulins in plants, wherein the heavy chain of the immunoglobulins lack a 
tailpiece. 

20 In one aspect, the mixture of immunoglobulins produced by the materials and 

methods of the present invention can be said to be pauci-fiicosylated or deminimus 
fucosylated, indicating that some, most or all of the immunoglobulins so produced 
lack fiicosylation. In another aspect, the mixture of immunoglobulins produced by the 
materials and methods of the instant invention can be used as such or, alternatively, 

25 the afucosylated immunoglobulins can be separated from the mixture of 
immunoglobulins and used separately. 

In another aspect, the invention also produces the materials and methods for 
treating herpes simplex virus ("HS V") or tumor angiogenesis by administration of the 
immunoglobulins produced by the plants, wherein at least one of the glycan structures 

30 of the immunoglobulins lack fucose. 
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In another aspect of the invention, expression of the immunoglobulins is 
accomplished using a single vector comprising nucleic acids encoding both the light 
chain and heavy chain. 

In one aspect, this invention provides plant-produced immunoglobulins, 
5 wherein the immunoglobulins have glycopeptide profiles comprising a least one 
glycopeptide which lacks fucose. In another aspect, this invention provides such 
inmiunoglobulins wherein the at least one glycopeptide comprises an asparagine 
(Asn) residue. . 

In one aspect, this invention provides a plant-produced heavy chain (HC) or 
10 light chain (LC) of an inmiunoglobulin, wherein the HC or LC has a glycopeptide 
profile comprising at least one glycopeptide which lacks fucose. In yet another 
aspect, the HC has at least one glycopeptide comprising an asparagine (Asn) residue 
in the CH2 region. 

In one aspect, this invention provides a plant-produced immunoglobulin, 
15 wherein the immunoglobulin has a free glycan profile comprising a least one glycan 
which lacks fucose. In another aspect, this invention provides such immunoglobulins 
which comprise an asparagine (Asn) residue. 

In yet another aspect, the glycan profile is the same as or substantially the 
same as that provided in Figure 12. In one aspect, the glycan is selected from the 
20 group consisting of 3Man, 2GlcNAc, IXyl; 2 Man, 2GIcNAc, IXyl; 3Man, 
SGlcNAc, IXyl; 3Man, 2GlcNAc; 3Man, 3GlcNAc; 4Man, 2GlcNAc; 5 Man, 
2GlcNAc; and 6Man, 2GlcNAc, wherein Man = Mannose, GlcNAc = N- 
acetylglucosamine and Xyl = xylose. In still another aspect, the glycan selected is 
selected 3Man, 2GlcNAc, IXyl or 2 Man, 2GlcNAc, IXyl, wherein Man = 
25 Mannose, GlcNAc = N-acetylglucosamine and Xyl = xylose. 

In yet another aspect, the glycan profile is the same as or substantially the 
same as one of the glycan profiles provided in Figure 16. Li still another aspect, the 
glycan is selected from the group consisting of H2N2X; H3N2; and H3N2X, 
wherein H = hexose, N = HexNAc = N-acetylhexose and X = xylose. In yet another 
30 aspect, the glycan is selected from the group consisting of N2H8; N2H3X; N2H3X; 
N2H4X; N2H5; N2H6; N2H7; N2H8; N3H3X; N2H4; and N2H5, wherein H = 
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hexose, N = HexNAc = N-acetylhexose and X = xylose. In one aspect of this 
invention, for each of these immunoglobulins the hexose is mannose and the N- 
acetylhexose is N-acetylglucosamine. 

In one aspect of this invention, the immunoglobulins detailed herein can be 
5 any inmiunoglobulin selected from the group consisting of IgG, IgA, IgM, IgE and 
IgD. In one aspect, the immunoglobulin of interest is IgA or IgG. For example, in 
one aspect of the invention, the inununoglobulin is an IgA antibody with a heavy 
chain and a light chain, A specific example of such an IgA is an anti-herpes simplex 
vims antibody. In another example, the inununoglobuUn is an IgG antibody with a 
10 heavy chain and a light chain. A specific example of such an IgG is an anti-dual 
integrin antibody, such as an anti-aVp3, aVps dual integrin antibody. 

In one aspect, the glycan profile of the inununoglobulins of the present 
invention is the same as or substantially the same as the glycan profile provided in 
Figure 19, or Figure 21, or Figure 23. 
15 In one aspect, this inventions provides plant-produced immunoglobulins 

comprising at least one attached glycan without a terminal fucose. In yet another 
aspect, such inununoglobulins comprise an asparagine (Asn) residue in the CH2 
region. 

In one aspect, this invention provides a plant-produced immunologlobulin 
20 having a glycan profile which comprises at least one glycan lacking fucose, wherein 
the glycan profile is determined using matrix-assisted laser desorption/ionization 
time-of-flight mass spectrometry (MALDI-Tof MS) analysis of firee N-linked glycans 
enzymatically-released from the immunoglobulin. An example of such an 
immunoglobulin is IgA, such as an anti-herpes simplex virus antibody. In another 
25 aspect, an example of such an immunoglobulin is IgG, such as an anti-dual integrin 
antibody. An example of such an anti-dual integrin antibody is an anti-aVpS, avps 
dual integrin antibody. 

In one aspect, this invention provides a plant cell, plant tissue, plant callus, 
plantlet, whole plant or seed comprising the immunoglobulins described and disclosed 
30 herein. In one aspect, the plant cell, plant tissue, plant callus, or seed are those of a 
monocotyledonous plant. In another aspect, this invention provides the plant cell. 
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plant tissue, plant callus, or seed wherein the monocotyledonous plant is a maize 
plant. In yet another aspect, this invention provides the plantlet or whole plant 
wherein the plantlet or whole plant are monocotyledonous. For example, the plant 
cell, plant tissue, plant callus, or seed of the present invention can be those of a maize 
5 plant. 

In one aspect, the inmiunoglobulins of the present invention can be located in 
the endosperm of the seed. 

In one aspect, the inmiunoglobulins of the present invention can be human 
immunoglobulins. 

10 In one aspect, the immunoglobulins of the present invention have a heavy 

chain lacking a tailpiece. In one aspect, such inoimunoglobulins are IgA antibodies, 
such as an anti-herpes simplex virus antibody. 

In one aspect, the immunoglobulin provided by the present invention are 
isolated from the plant used to produce the immunoglobulin. 

15 In one aspect, this invention provides a monomelic antibody composition 

comprising at least one glycan having structure number 1 (3Man, 2GlcNAc, IXyl) as 
provided in Figure 12, wherein Man = mannose, GlcNAc - acetylglucosamine and 
Xyl = xylose. 

In another aspect, this invention provides a monomeric antibody composition 
20 comprising at least one glycan having structure number 2 (2Man, 2GlcNAc, IXyl) as 
provided in Figure 12, wherein Man = mannose, GlcNAc - acetylglucosamine and 
Xyl = xylose. 

In one aspect, this invention provides a plant-produced inmiunoglobulin 
comprising an amino acid fragment lacking an attached glycan with fucose, wherein 
25 the inmiunoglobulin has an attached glycan with fucose on the same amino acid 

fragment or on substantially the same amino acid fragment when the immunoglobluin 
is mammalian-produced. 

In one aspect, this invention provides a plant-produced immunoglobulin 
comprising a glycan profile for a specified amino acid fragment, wherein the 
30 immunoglobulin has the same or substantially the same glycan profile for the same 
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amino acid sequence or for substantially the same amino acid fragment when the 
immunoglobluin is manmialian-produced. 

In one aspect, this invention provides a plant-produced inmiunoglobulin 
comprising an amino acid fragment having an attached glycan lacking fiicose, 
5 wherein the immunoglobulin also lacks an attached glycan with fucose on the same 
amino acid fragment or on substantially the same amino acid fragment when the 
inmiunoglobluin is manmialian-produced. 

In one aspect, this invention provides a plant-produced inununoglobulin, 
wherein the immunoglobulin has a free glycan profile comprising a glycan lacking 
10 fucose, wherein the immunoglobulin has a free glycan profile comprising the same 
glycan also lacking fucose when the immunoglobluin is mammalian-produced. 

In one aspect, this invention provides such immunoglobulins wherein the 
manmialian-produced imumunoglobulin is produced in a CHO cell. 

In one aspect, the invention provides such immunoglobulins wherein the 
15 plant-produced immunoglobulin is produced in a maize cell and the mammalian- 
produced immunoglobulin is produced in a CHO cell. 

In one aspect, this invention provides a method of producing a transformed 
plant cell expressing an immunoglobulin having at least one attached glycan without 
fucose, said method comprising transforming a plant cell by introducing into the plant 
20 cell a single vector comprising a nucleic acid sequence encoding a heavy chain and a 
light chain of the immunoglobulin, each nucleic acid being operably-linked to a 
promoter, and culturing the transformed plant cell to produce a plant cell expressing 
the immunoglobulin having at least one attached glycan without fucose. In yet 
another aspect, this invention further provides methods of isolating the 
25 immunoglobulin from the transformed plant cell. In another aspect, this invention 

provides methods of regenerating transformed plant calli or a transforaied whole plant 
from the transfonmed plant cell. In yet another aspect, this invention provides 
methods for isolating the immunoglobulin from the transformed plant calli or 
transformed whole plant. In still another aspect, this invention provides such methods 
30 wherein the sequences for the heavy chain and the light chain are operably-linked to 
the same promoter. In still another aspect, this invention provides such methods 
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wherein the sequences for the heavy chain and the light chain are operably-linked to a 
different promoter. In one aspect, this invention provides such methods wherein the 
promoter is a constitutive promoter. For example, the 35S CaMV promoter or the 
maize ubiquitin-1 promoter can be used in the methods of the present invention. In 
5 yet another aspect, the methods of the present invention utilize seed-specific 
promoters. In still another aspect, the invention utilizes endosperm-specific 
promoters. 

In one aspect, this invention provides such methods wherein the vector is 
selected from the group consisting of pDAB8505; pDAB1472; pDAB1473; 
10 pD AB 1474; and pD AB 1475. 

In one aspect, this invention provides the vectors pDAB8505; pDAB1472; 
pDAB1473; pDAB1474; and pDAB1475. 

In one aspect, this invention provides such methods wherein the plant cell is 
transformed using an agrobacterium-mediated transformation method or a 
15 WHISKERS™ transformation method. 

In one aspect, this invention provides a method of producing an isolated a 
monomeric anti-herpes simplex virus antibody comprising: (i) introducing into a plant 
cell nucleic acids having either SEQ ID NO: 1 or either SEQ ID NO: 5 and SEQ ID 
NO: 9 or SEQ ID NO: 13, each of which is operably-linked to a promoter, to produce 
20 a transformed plant cell; (ii) culturing the transformed plant cell to express the 

introduced nucleic acids; and (iii) isolating the monomeric anti-herpes simplex virus 
antibody produced by the plant cell. In one aspect, this invention further provides 
such methods including regenerating a transformed plant from the transformed plant 
cell. 

25 In one aspect, this invention provides a nucleic acid molecule comprising a 

nucleic acid sequence selected from the group consisting of SEQ ID NO: 15 
(pDAB635); SEQ ID NO: 16 (pDAB16); SEQ ID NO: 17 (pDAB637); SEQ ED NO: 
84 (pDAB3014); and SEQ ID NO: 85 (pDAB8505). 

In one aspect, this invention provides an isolated nucleic acid molecule 

30 comprising a nucleic acid sequence encoding the amino acid encoded by SEQ ID NO: 
10 or SEQ ID NO: 14. 
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In one aspect, this invention provides an isolated nucleic acid molecule 
comprising SEQ ID NO: 1 or SEQ ID NO: 5. 

In one aspect, this invention provides an isolated nucleic acid molecule 
comprising SEQ ID NO: 9 or SEQ ID NO: 13. 
5 In one aspect, this invention provides an isolated vector or plasmid comprising 

SEQ ID NO: 1 or SEQ ED NO: 5. 

In one aspect, this invention provides an isolated nucleic acid molecule 
comprising a nucleic acid sequence encoding the amino acid encoded by SEQ ID NO: 
2orSEQIDNO: 6. 

10 In another aspect, the immunoglobulins of the present invention having heavy 

chain comprising the amino acid sequence of SEQ ID NO: 6. In yet another aspect, 
the immunoglobulins of the present invention have a light chain comprising the amino 
acid sequence of SEQ ID NO: 14. 

In one aspect, this invention provides an isolated vector or plasmid comprising 
15 SEQ ID NO: 9 or SEQ ID NO: 13. 

It will be appreciated from the above that the tools and methods of the present 
invention have application to all plants that produce gametes. Such plants include, 
but are not limited to, dicots and monocots including herbs, forage grasses, turf 
grasses, forage legumes {e.g,, alfalfa), vegetables, agronomic crop plants (e.g., maize 
20 and soybean), trees and ornamental flowers. 

Other objects, advantages and features of the present invention become 
apparent to one skilled in the art upon reviewing the specification and the drawings 
provided herein. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing summary, as well as the following detailed description of the 
invention, will be better understood when read in conjunction with the appended 
drawings. For the purpose of illustrating the invention, there are shown in the 
drawings embodiment(s) which are presently preferred. It should be understood, 
30 however, that the invention is not limited to the precise arrangements and 
instrumentalities shown. 
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In the Drawings: 



10 



15 



Figure 1. Plasmid for pDAB635 (ubiH). (SEQ ID NO: 15). 
SAR 

Maize ubiquitin promoter/intron 
Anti-HS V heavy chain 
(w/ barley alpha amylase leader) 
Maize per5 3' UTR 
SAR 



nucleotides: 424-1589 

nucleotides: 1717-3730 

nucleotides: 3732-5240 

nucleotides: 5248-5612 

nucleotides: 5720 - 6885 



Figure 2. Plasmid for pDAB636 (ubiL), (SEQ ID NO: 16) 



SAR 

Maize ubiquitin promoter/intron 
Anti-HSV light chain 
(w/barley alpha amylase leader) 
Maize per5 3' UTR 
SAR 



nucleotides: 424-1589 

nucleotides: 1717-3730 

nucleotides: 3732-4448 

nucleotides: 4456-4820 

nucleotides: 4928-6093 



20 



25 



Figure 3. Plasmid for pDAB637 (ubiH 
SAR 

Maize ubiquitin promoter/intron 
Anti-HSV heavy chain 
(w/barley alpha amylase leader) 
Maize per5 3' UTR 
Maize ubiquitin promoter/intron 
Anti-HSV light chain 
(w/barley alpha amylase leader) 
Maize per5 3' UTR 
SAR 



+ L). (SEQ ID NO: 17) 

nucleotides: 424-1589 

nucleotides: 1 709-3722 

nucleotides: 724-5232 

nucleotides: 5240-5604 

nucleotides: 5745-7758 

nucleotides: 7760-8476 

nucleotides: 8484-8848 

nucleotides: 8956-1012 1 
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Figure 4. A native Western blot using the IgA kappa chain as the detection 
antibody to detect protein expression from ubiquitin HSV-IgA (HC/LC) antibody 
produced by transgenic maize calli. A total of 53 transgenic calli derived from the 
two-way transformation (pDAB637 (SEQ ID NO: 17) and pDAB3014 (SEQ ED NO: 
5 84)) and 23 transgenic calli derived from the three-way transformation (pDAB635 
(SEQ ID NO: 15) and pDAB3014 (SEQ ID NO: 84)) were analyzed by PGR to detect 
the presence of PTUs for the transgene. Callus events that were both PTU positive 
and negative underwent Western and ELISA analysis. Protein analysis data was 
generated using events from the ubiquitin/HC, UC transformations that are described 
10 above. The goal of the experiment was to compare the efficacy of expression of the 
HC and LC on a single plasmid versus HC and LC on two separate plasmids. Callus 
material was collected and frozen at -70°C before shipment for protein analysis. An 
initial screen of the events was performed with a capture ELISA assay using an IgA 
heavy chain capture antibody and an IgA kappa chain detection antibody. Only 
15 ELISA positive samples were evaluated with a Native Western Blot, also using the 
IgA kappa chain as the detection antibody. Of the 54 events screened by ELISA, 26 
were positive (Table 1). Lane 1: Molecular weight standards; Lane 2: Heavy chain 
IgA; Lane 3: Callus material from transgenic plants; Lane 4: IgA detected from 
sample 3-006 (Table 1); Lane 5: IgA detected from sample 4-008 (Table 1); Lanes 
20 6-10: IgA detected from samples 21, 24, 25, 28 and 29, respectively (Table 1). 
Western blot conditions were: 4-12% GEL nonreducing sample buffer 62 ng total 
protein each well; 1:5000 Goat anti-Human Kappa-HRP one hour RT; and a five 
minute exposure period. 

25 Figures. Linear plasmid for pDAB8505 fragment (11398 bp). (SEQ ID NO: 

85). 

Figure 6. A representative C18-HPLC chromatogram of tryptic digest of 
reduced and alkylated IgA-HX8 (event 193 self). Peak assignment was based on 
analysis of HPLC fractions by matrix-assisted laser desoiption/ionization time-of- 
30 flight mass spectrometry ("MALDI-Tof MS"). Peaks labeled with "L" correspond to 
peptides resulting from light chain of IgA-HX8. Peaks labeled with "H" correspond 
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to peptides resulting from heavy chain of IgA-HX8. Refer to Tables 1 and 2 and the 
accompanying text for more detail. Fractions containing glycopeptides were further 
treated with peptide-N-glycosidase-A (PNGase-A) and resulting deglycosylated 
peptides and released glycans were analyzed separately by MALDI-Tof MS. HPLC: 
5 Magic CIS, 2 x 150 mm. Off-line MALDI MS was performed on collected fractions. 

Figure 7. A representative MALDI-Tof MS of glycoforms of H-T13 peptide 
of IgA-HX8 heavy chain generated by tryptic digestion of reduced and alkylated Ig A- 
HX8 (event 193 self). Monoisotopic masses of the glycopeptides are indicated, 
10 Large numbers above peaks correspond to glycan species summarized in Table 8. 

Short abbreviations for monosaccharide units are as follows: H, hexose; N, N-acetyl- 
glucosamine (GlcNAc); X, pentose (Xylose). 

Figure 8. Heterogeneity of glycoforms of H-T13 peptide of IgA-HX8 heavy 
15 chain is removed by enzymatic release (PNGase-A) of glycans. After treatment with 
PNGase-A, signals corresponding to glycoforms of H-T13 peptide disappear and a 
strong signal corresponding to deglycosylated peptide H-T13 appears in the mass- 
spectrum. Note that PNGase-A converts Asn (N) to Asp (D) during deglycosylation 
reaction; correspondingly, the deglycosylated H-T13 peptide appears with a mass- 
shift of - +1 Da. Large numbers above peaks in mass-spectrum of glycopeptides 
(before PNGase-A treatment) correspond to glycan species listed in Table 8. 

Figure 9. Two additional glycoforms of H-T13 peptide of maize-expressed 
IgA-EK8 heavy chain are observed: single and double GlcNAc residue attached to 
N269. Large numbers above peaks in mass-spectrum of glycopeptides (before 
PNGase-A treatment) correspond to glycan species in Table 8. Treatment with 
PNGase-A results in removal of (GlcNAc)2 and partial removal of single GlcNAc 
residue. Peak corresponding to deglycosylated peptide H-T13 appears in the mass- 
spectrum after treatment of sample with PNGase-A (not shown). 
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Figure 10. A representative MALDI-Tof MS profile of free N-linked glycans 
enzymatically released from monomeric IgA-HX8 (event 193 self). Large numbers 
above peaks correspond to glycan species summarized in Table 8. Short abbreviation 
for monosaccharide units is as follows: H, hexose; N, N-acetyl-glucosamine 
5 (GlcNAc); X. pentose (Xylose). Single and double GlcNAc species (structures 1 1 
and 12 in Table 8) were not detected as free glycans due to inaccessibility of MALDI 
MS to the molecular mass region below 500 Daltons (Da). Glycan species are 
observed as sodiated ions. 

10 Figure 11. Neutralization of HS V-2 using endosperm-derived HX8. 

Figure 12. Structures of IgA glycans isolated from plants. Single and double 
GlcNAc species (structures 1 1 and 12) were not detected as free glycans due to 
inaccessibility of MALDI MS to the molecular mass region below 500 Daltons (Da). 



15 

Figure 13. Pictorial representation of a monomeric, dimeric and secretory 
antibody. 

Figure 14. Plasmid for pDAB3014. (SEQ ID NO: 84). 
20 Rice actin promoter: nucleotides 1172-1724; 

PAT (phosphinothricin 

acyltransferase gene): nucleotides 1727-2281; 

maize lipase 3' UTR: nucleotides 2296-6652. 

25 Figure 15. Circular plasmid for pDAB8505. (SEQ ID NO: 85). 

nucleotides 424-1589; 
maize y zein promoter nucleotides 1673-3 175; 

anti-HSV heavy chain gene: nucleotides 3178-4668; 

maize per5 3'UTR: nucleotides 4678-5045; 

30 maize y zein promoter: nucleotides 5157-6659; 

anti-HSV light chain: nucleotides 6662-7360; 
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maize per5 3'UTR: nucleotides 7370-7737 ; 

rice actin promoter with intron: nucleotides 7 8 89-925 8; 
PAT coding region: nucleotides 9260-9820; 

maize lipase 3' UTR: nucleotides 9831-10162; 

5 SAR: nucleotides 10229-11394. 

Note: the anti-HSV heavy chain gene and the anti-HSV light chain both 
include a mouse leader sequence. 

Figure 16A to 16G. Summary of glycan profiling of IgA-HXS expressed in 
10 transgenic maize (different events). Pictorial representations of suggested glycan 

structures are also included, wherein *H' or a circle = hexose (Man, Gal, Glc); 'N' or 
a rectangle = HexNAc (GlcNAc or GalNAc); 'X' or a cross = xylose; *F' or a triangle 
= fucose; and T' = phosphate (P03). Note: the percentage (%) of glycans based on 
peak heights in MALDI mass-spectra are provided only for reference and cannot be 
15 used for accurate quantitation. 

Figure 17 A, Plasmid pDAB1472 (Figure 17 A) and pDAB1473 (Figure 17B). 
Figure 18A. Plasmid pDAB1474 (Figure 18A) and pDAB1475 (Figure 18B). 

20 

Figure 19, Glycoforms observed for event 660 for IgG. All glycans were 
removed from glycopeptides by PNGase-A treatment. For single N, removal is 
incomplete. Codes: = hexose (Man, Gal, Glc); *N' = HexNAc (GlcNAc or 
GalNac); *X' = xylose; and = fucose. 
25 Signal intensity: 

* = S/N >3-5, but <10; 
** = S/N >10; 

*** = intense signal, but less than "minor"; and 

"significant signal" = intensity between "minor" and "major". 

30 
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Figure 20A. A representative MALDI-TOF of MS profile of glycofoims of 
H-T27 peptide (N299 site of heavy chain) for event 660. 

Figure 20B. Zoom-in on m/z 2360.06 (major glycofoim, N2H3XF) for event 
5 660. Note isotopic resolution. 



10 



Figure 21. Glycoforms observed for event 661 for IgG. All glycans were 
removed from glycopeptides by PNGase-A treatment. For single N, removal is 
incomplete. Codes: 'H' or circle = hexose (Man, Gal, Glc); 'N' or rectangle = 
HexNAc (GlcNAc or GalNac); 'X' or cross = xylose; and T' or triangle = fucose. 
Signal intensity: 

* = S/N>3-5, but <10; 
** = S/N>10; 

*** = intense signal, but less than "minor"; and 
1^ "significant signal" = intensity between "minor" and "major". 

Figure 22A. A representative MALDI-TOF of MS profile of glycoforms of 
H-T27 peptide (N299 site of heavy chain) for event 661. HPLC fraction 16. 



20 Figure 22B. Zoom-in on m/z 2360.06 (major glycoform, N2H3XF) for event 

661. Note isotopic resolution. 

Figure 22C. A representative MALDI-TOF of MS profile of glycoforms of 
H-T27 peptide (non-glycosylated at m/z 1189.65, and with single HexNAc at m/z 
25 1392.76, plus some N-glycoforms on H-T26-27 peptide at higher m/z) for event 661 . 
HPLC fraction 17. 

Figure 22D. N-glycans released from H-T27 glycopeptide. MALDI MS of 
free glycans. Intensities in this MALDI mass-spectrum are roughly proportional to 
30 abundance of the neutral N-glycans. Note: single and double GlcNAc are not 
accounted for. 
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Figure 23. Glycofonns observed for event 663 for IgG. All glycans were 
removed from glycopeptides by PNGase-A treatment For single N, removal is 
incomplete. Codes: *H' = hexose (Man, Gal, Glc); = HexNAc (GIcNAc or 
5 GalNac); 'X' = xylose; and *F' = fucose. 

Signal intensity: 

* = S/N >3-5, but <10; 
** = S/N >10; 

*** = intense signal, but less than "minor"; and 
10 "significant signal" = intensity between "minor" and "major". 

Figure 24A. A representative MALDI-TOF of MS profile of glycoforms of 
H-T27 peptide (N299 site of heavy chain) for event 663. 

15 Figure 24B. Zoom-in on m/z 2360,07 (major glycoform, N2H3XF) for event 

663. Note isotopic resolution. 

Figure 25. Glycofonns observed for CHO-expressed IgG. AH glycans were 
removed from glycopeptides by PNGase-A treatment. For single N, removal is 
20 incomplete. Codes: 'H' = hexose (Man, Gal, Glc); *N' = HexNAc (GlcNAc or 
GalNac); *X' = xylose; T' = fucose. 
Signal intensity: 

* = S/N >3-5, but <10; 
** = S/N >10; 

25 *** = intense signal, but less than "minor"; and 

"significant signal" = intensity between "minor" and "major". 

Figure 26A. A representative MALDI-TOF of MS profile of glycofonns of 
H-T27 peptide (N299 site of heavy chain) for CHO-expressed IgG. 
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Figure 26B. Zoom-in on m/z 2633.61 (major glycofomi, N4H3F) for CHO- 
expressed IgG . Note isotopic resolution. 

DETAILED DESCRIPTION 

5 Unless defined otherwise, all technical and scientific terms used herein have 

the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention belongs. Although any methods and materials similar or 
equivalent to those described herein can be used in the practice or testing of the 
present invention, the preferred methods and materials are described. 

10 

1. Definitions 

As used herein, the terms "afucosylated" and "afucosylation" refer to 
situations where fucose is absent from a particular glycan, glycan fraction, 
glycopeptide or glycopeptide fraction which is attached to an immunoglobulin, 
15 portion of an immunoglobulin, an antibody or a portion of an antibody. The use of 
the terms "afucosylated" and "afucosylation" herein is not meant to imply any 
specific mechanism, molecular or otherwise, by which a fucose is either prevented 
from attaching or removed after attachment. Thus, the use of the terms herein is not 
meant to imply that the fucose has been eUminated by any particular one of the 
20 following mechanisms: trasncriptionally, translationally or post-translationally. 

As used herein, the term "agronomic crop plant" refers to any crop plant 
grown on a production scale, most typically for the harvest of seed, silage or hay. 
Examples include, but are not limited to maize, soybeans, rye, wheat, oats, barley, 
lentils, dry peas, rape, sorghum, alfalfa, triticale, clover, and the like. 
25 As used herein, the term "allele" refers to any of several alternative forms of a 

gene. 

As used herein, the term "amino acid" refers to the aminocarboxylic acids that 
are components of proteins and peptides. The amino acid abbreviations used in 
Tables 6 and 7 and elsewhere herein are as follows: 
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A (Ala) C(Cys) D (Asp) E(Glu) F (Phe) G (Gly) 

H(His) laso) K(Lys) L(Leu) M{Met) N (Asn) 

P(Pro) Q(Gln) R (Arg) S (Ser) T(Thr) V (Val) 

W (Trp) Y (Tyr) 

As used herein, an "anti-alpha-v-betaS. alpha-v-beta5 dual integrin antibody," 
"anti-dual integrin antibody," "anti-dual integrin antibody portion," "anti-aVpS, anti- 
aVp5," "anti-av&3, anti-avps," or "anti-dual integrin antibody fragment" and/or "anti- 

5 dual integrin antibody variant" and the like include any protein or peptide containing 
molecule that comprises at least a portion of an inununoglobuUn molecule, such as 
but not limited to at least one complementarity determining region (CDR) of a heavy 
or light chain or a ligand binding portion thereof, a heavy chain or light chain variable 
region, a heavy chain or light chain constant region, a framework region, or any 

10 portion thereof, or at least one portion of an dual integrin receptor or binding protein, 
which can be incorporated into an antibody of the present invention. 

As used herein, the term "antibody" refers to a protein normally produced in 
the body (human or animal) in response to contact with a pathogen or other moiety 
not recognized as "self." Antibodies (such as, for example, IgG and sIgA) and 

15 antibody fragments (such as, for example. Fab and ScFv) have the specific capacity of 
neutralizing, hence creating immunity to, the pathogen. An antibody molecule is 
composed of four polypeptide chains: two identical heavy chains (HC) and two 
identical light chains (IjC). Each "arm" of the Y antibody configuration comprises 
one light chain and part of one heavy chain; the hinge region allows the arms to move; 

20 and the "stem" is formed by the rest of the two heavy chains (See Figure 13). Each 
arm region of the Y serves as an antigen-binding site, with the binding sites associated 
with the variable regions of the polypeptide. The HC and LC are held together by 
disulfide bridges. Secretory antibodies are also comprised of a joining chain (JC) and 
a secretory component (SC). 

25 As used herein, the term "antigen" refers to any substance capable of inducing 

a specific immune response and of reacting with the resulting antibodies produced by 
that response. 
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As used herein, the term "antiviral" refers to a substance that interferes with 
the replication of a virus. 

As used herein, the terms "backbone piasmids" or "backbone vectors" refer to 
plasmids that contain all of the necessary elements for expression of the gene(s) of 
5 interest, including MAR sequences, promoter, 3 ' UTR, selectable marker gene 

cassette and unique restriction sites for the single-step addition of the antibody coding 
regions. Another characteristic of the backbone vectors is the presence of unique 
restriction sites for the efficient removal of the antibiotic resistance gene. 

As used herein, the terms "beta-glucuronidase" or "GUS" refer to the 
10 screenable marker gene routinely used in plant transformation studies that comes 
ftom Escherichia coli. See, for example, Jefferson, R., et ai, Proc. Nat. Acad. Sci. 
USA 83: 8447-8451 (1986); Jefferson. R., etal, EMBO J. 6: 3901-3907 (1987); 
Jefferson, R., Plant Mol. Biol. Rep. 5: 387-405 (1987); and Jefferson. R., Plant Mol. 
Biol. Rep. 5: 387-405 (1988). 

A.S used herein, the term "crop plant" refers to any plant grown for any 
commercial purpose, including, but not limited to the following purposes: seed 
production, hay production, ornamental use, fruit production, berry production, 
vegetable production, oil production, protein production, forage production, animal 
grazing, golf courses, lawns, flower production, landscaping, erosion control, green 
20 manure, improving soil tilth/health, producing pharmaceutical pix)ducts/drugs, 

producing food additives, smoking products, pulp production and wood production. 

As used herein, the term "cross pollination" or "cross-breeding" when used in 
reference to plants means the process by which the pollen of one flower on one plant 
is applied (artificially or naturally) to the ovule (stigma) of a flower on another plant. 
25 As used herein, the term "cultivar" when referring to plants means a variety, 

strain or race of plant that has been produced by horticultural or agronomic techniques 
and is not normally found in wild populations. 

As used herein, the terms "dicotyledon" and "dicot" refer to a flowering plant 
having an embryo containing two seed halves or cotyledons. Examples include 
tobacco; tomato; the legumes, including peas, alfalfa, clover and soybeans; oaks; 
maples; roses; mints; squashes; daisies; walnuts; cacti; violets and buttercups. 
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As used herein, the term "dimeric antibody" or "dIgA" refers to an antibody 
comprising two monomeric antibodies linked by a J chain. Thus, a "dimeric IgA" or 
"dIgA" comprises two monomeric IgA antibodies linked by a J chain (See Figure 
13B); and, a "dimeiic anti-HSV IgA" or "anti-HSV dIgA" comprises two monomeric 
5 IgA antibodies to a herpes simplex virus linked by a J chain. 

As used herein, the term "endosperm" refers to a triploid stmcture resulting 
from the development of a fusion between two polar nuclei of the embryo sac and one 
of the sperm nucleus from the pollen found in many plant seeds. The endosperm 
frequenUy stores food materials, which are broken down during germination. 
10 As used herein, the term 'TiUal generation" refers to any of the generations of 

plant cells, tissues or organisms following a particular parental generation. The 
generation resulting from a mating of the parent plants is the first filial generation 
(designated as "Fl" or "Fi"), while that resulting from crossing of Fl plants is the 
second filial generation (designated as "F2" or "F2"). 
15 The term "gamete" refers to a reproductive cell whose nucleus (and often 

cytoplasm) fuses with that of another gamete of similar origin but of opposite sex to 
form a zygote, which has the potential to develop into a new individual plant. 
Gametes are typically haploid and are differentiated into male and female. 

The term "gene" refers to any segment of DNA associated with a biological 
20 function. Thus, genes include, but are not limited to, coding sequences and/or the 
regulatory sequences required for their expression. Genes can also include 
nonexpressed DNA segments that, for example, form recognition sequences for other 
proteins. Genes can be obtained from a variety of sources, including cloning ft^om a 
source of interest or synthesizing from known or predicted sequence information, and 
25 may include sequences designed to have desired parameters. 

As used herein, the term "genotype" refers to the genetic makeup of a cell, cell 
culture, tissue, whole organism (e.g., a whole plant or animal), or group of whole 
organisms (e.g., a group of plants or animals). 

As used herein, the term "glycan". which is synonymous with 
30 "polysaccharide", refers to any linear or branched polymer consisting of 
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monosaccharide (i.e., glucose) residues joined to each other by glycosidic linkages. 
Examples of glycans include glycogen, starch, hyaluronic acid, and cellulose. 

As used herein, the term "glycoside" refers to any compound containing a 
carbohydrate molecule (sugar), particularly any such natural product in plants, 
5 convertible by hydrolytic cleavage, into a sugar and a non-sugar component. 

As used herein, the term "glycopeptide" refers to a compound or composition 
in which carbohydrate is covalently attached to a peptide or oligopeptide. 

As used herein, the term "glycoprotein" refers to a compound or composition 
in which carbohydrate is covalently attached to a protein. 
10 As used herein, the term "glycosylation" refers to the addition of 

oligosaccharides to particular residues on a protein. This modification can be both co 
translational and post-translational, occurring in the endoplasmic reticulum and golgi. 
Three different forms of glycosylation can be distinguished: A^-linked 
oUgosaccharides, O-linked oUgosaccharides and glycosyl-phosphatidylinositol (GPI-) 
15 anchors. 

As used herein, the term "hemizygous" refers to a cell, tissue or organism in 
which a gene is present only once in a genotype, as a gene in a haploid cell or 
organism, a sex-linked gene in the heterogametic sex, or a gene in a segment of 
chromosome in a diploid cell or organism where its partner segment has been deleted. 
20 As used herein, the term "herpes" means an inflammatory skin disease caused 

by herpes simplex virus or varicella-zoster virus. 

As used herein, the term "herpes simplex" refers to a variety of infections 
caused by "Herpes Simplex Virus 1". also referred to as "HSVl" and "herpes simplex 
virus type 1", and "Herpes Simplex Virus 2", also referred to as "HSV2" and 
25 "herpes simplex virus type 2", all refer to any of several acute, inflammatory virus 
diseases. The diseases are characterized by the eruption of small blisters, usually on 
the mouth, lips, face and genitals. The locations of the blisters caused by HSVl and 
HSV2 are not location specific. 

As used herein, "herpes virus" refers to any virus belonging to the family 
30 Herpesviridae. 



wo 2004/050838 



24 



PCT/US2003/037905 



As used herein, the terms "heteroglycan" or "heteropolysaccharide" refer to a 
glycan composed of two or more different kinds of monosaccharide residues. 

A "heterologous polynucleotide" or a "heterologous nucleic acid" or an 
"exogenous DNA segment" refer to a polynucleotide, nucleic acid orDNA segment 
5 that originates from a source foreign to the particular host cell, or, if from the same 
source, is modified from its original form. Thus, a heterologous gene in a host cell 
includes a gene that is endogenous to the particular host cell, but has been modified. 
Thus, the terms refer to a DNA segment that is either (i) foreign or heterologous to the 
cell, or (ii) homologous to the cell but in a position within the host cell nucleic acid in 
10 which the element is not ordinarily found. Exogenous DNA segments may be 
expressed to yield exogenous polypeptides. 

A "heterologous trait" refers to a phenotype imparted to a transfomied host 
cell or transgenic organism by an exogenous DNA segment, heterologous 
polynucleotide or heterologous nucleic acid. 
15 As used herein, the term "heterozygote" refers to a diploid or polyploid 

individual plant cell or plant having different alleles (forms of a given gene) present at 
least at one locus. 

As used herein, the term "heterozygous" refers to the presence of different 
alleles (forms of a given gene) at a particular gene locus. 
20 As used herein, the term "HPLC" refers to High Performance Liquid 

Chromatography. 

As used herein, the term "homozygote" refers to an individual plant cell or 
plant having the same alleles at one or more loci. 

As used herein, the term "homozygous" refers to the presence of identical 
25 alleles at one or more loci in homologous chromosomal segments. 

As used herein, the term "hybrid" refers to any cell, tissue or whole organisms 
{e.g., 3. whole plant or animal) resulting from a cross between parents that differ in 
one or more genes. 

As used herein, the term "HX8" or "HX-8" refers to the identification code for 
30 an IgA antibody, wherein H = herpes, X = simplex and 8 = the sample number. HXS 
is a human monoclonal antibody (sample number 8) which neutralizes both Herpes 
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simplex virus (HS V) Type 1 and Type 2, binds to an epitope present on glycoprotein 
D, has the binding specificity of an Fab fragment produced by ATCC 69522, and has 
heavy chains with a CDR3 of SEQ ID NO:l as set forth in U.S. Patent No. 6,156,313, 
the entire patent of which is specifically incorporated herein. The entire nucleotide for 
5 the heavy chain and light chain of the HX8 antibody is shown as SEQ ID Nos: 1 and 
9, respectively. 

As used herein, the terms "immunoglobulin" or "Ig" refer to a class of 
stmcturally related protein products or portion of the proteins found in plasma and 
other body fluids that are immunologically active and are capable of specifically 
10 binding with antigen. Each Ig consists of two paire of immunologically active 

portions of an immunoglobulin Ught chain (LC) (k, X), and an immunglobulin heavy 
chain (HC) (y, a, ^, 5 and e) (See Figure I3A). There are five major classes of 
antibody proteins, or immunoglobulins classified on the basis of their structure and 
biological activity: IgM, IgG, IgA, IgD, and IgE. While most antibody classes are 
15 secreted as single molecules, IgA and IgM antibodies form associations into larger 
polymers, stabilized in part by other protein chains. 

As used herein, the terms '^immunoglobulin product" or "Ig product" refer to a 
polypeptide, protein or multimeric protein capable of specifically combining with an 
antigen. Exemplary immunoglobulin products are an immunoglobulin heavy chain, 
20 inmiunoglobulin molecules, substantially intact immunoglobulin molecules, any 
portion of an immunoglobulin that contains the paratope, including those portions 
known in the art as Fab fragments. 

As used herein, the terms "inbred" or "inbred line" refers to a relatively true- 
breeding strain, 

25 As used herein, the terms "integrin" or "integrins" refer to any member of the 

large family of transmembrane proteins that act as receptors for cell-adhesion 
molecules. Integrins are heterodimeric molecules in which the a and P subunits are 
noncovalently bonded. 

As used herein, the terms "joining chain", "J chain" or "JC" refer to a 

30 polypeptide that is involved in the polymerization of immunoglobulins and transport 
of polymerized immunoglobulins through epithelial cells. See, for example. The 
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Immunoglobulin Helper: The J Chain in Inmiunoglobulin Genes, at pg. 345, 
Academic Press (1989). The JC is found in pentameric IgM and dimeiic IgA (See 
Figure 13B) and typically attached via disulfide bonds. 

As used herein, the term "locus" (plural: "loci") refers to any site that has been 
5 defined genetically, A locus may be a gene, or part of a gene, or a DNA sequence 
that has some regulatory role, and may be occupied by different sequences. 

As used herein, the term "MALDF' refers to Matrix- Assisted Laser Desorption 
Ionization. 

As used herein, the terms "MALDI-Tof mass spectrum" or "MALDI-Tof MS" 
10 refer to matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. 
An example of equipment used to determine the MALDI-Tof mass^spectmm is the 
Applied Biosystems Voyager DE-STR MALDI time-of-flight (MALDI-Tof) mass- 
spectrometer. 

As used herein, the term "matrix attachment regions" or "MAR", also called 
15 "scaffold attachment regions" or "SAR", refer to specific DNA sequences at which 
attachment to the nuclear scaffold network occurs. Information on the MAR 
sequences used in this invention is available in U.S. Patent Nos. 5,773,689 and 
6,239,328, each of which is herein incorporated in its entirety. 

As used herein, the term "mass selection" when used to describe a plant 
20 breeding process refers to a form of selection in which individual plants are selected 
and the next generation propagated from the aggregate of their seeds. 

As used herein, the term "monoclonal antibody" or "MAb" refer to antibodies 
derived from a single antibody-producing cell that recognizes a specific antigen. 
MAbs are produced by hybridoma cells, which are a fusion of a cell that produces the 
25 antibody and a multiple myeloma cell. The myeloma cell can continuously produce 
the antibody. 

As used herein, the term "monocotyledon" or "monocot" refer to any of a 
subclass (Monocotyledoneae) of flowering plants having an embryo containing only 
one seed leaf and usually having parallel- veined leaves, flower parts in multiples of 
30 three, and no secondary growth in stems and roots. Examples include lilies; orchids; 
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rice; com, grasses, such as tall fescue, goat grass, and Kentucky bluegrass; grains, 
such as wheat, oats and barley; irises; onions and palms. 

As used herein, the tenn "monomeric antibody" refers to an antibody 
comprising two light and two heavy chains linked to each other by disulfide bridges 
5 (See Figure 13A). Thus, a "monomeric IgA" or "mlgA" comprises two light and two 
heavy chains of an IgA antibody; and, a "monomeric HS V IgA" or "HS V mlgA" 
comprises the two light and two heavy chains of an IgA antibody to a herpes simplex 
virus. 

As used herein, the term "multimeric protein" refers to a globular protein 
10 containing more than one separate polypeptide or protein chain associated with each 
other to form a single globular protein. Both heterodimeric and homodimeric proteins 
are multimeric proteins. 

As used herein, the term "nucleic acid" or "polynucleotide" refer to 
deoxyribonucleotides or ribonucleotides and polymers thereof in either single- or 

15 double-stranded form. Unless specifically limited, the terms encompass nucleic acids 
containing known analogues of natural nucleotides that have similar binding 
properties as the reference nucleic acid and are metabolized in a manner similar to 
naturally occurring nucleotides. Specifically, degenerate codon substitutions may be 
achieved by generating sequences in which the third position of one or more selected 

20 (or all) codons is substituted with mixed-base and/or deoxyinosine residues. See, for 
example, Batzer et a/.. Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J. Biol. 
Chem. 260:2605-2608 (1985); Rossolini et al, Mol. Cell. Probes 8:91-98 (1994). The 
term nucleic acid is used interchangeably with gene, cDNA, and mRNA encoded by a 
gene. 

25 As used herein, the term "oligosaccharide" refers to any molecule that 

contains a small number (2 to about 20) of monosaccharide residues connected by 

glycosidic linkages. 

As used herein, a DNA segment is referred to as "operably linked" when it is 

in a functional relationship with another DNA segment. For example, DNA encoding 
30 a signal sequence is operably linked to DNA encoding a polypeptide if it is expressed 

as a preprotein that participates in the secretion of the polypeptide; a promoter or 
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enhancer is operably linked to a coding sequence if it stimulates the transcription of 
the sequence. Generally, DNA sequences that are operably linked are contiguous, and 
in the case of a signal sequence both contiguous and in reading phase. However, 
promoters and enhancers need not be contiguous with the coding sequences whose 
5 transcription they control. Linking is accomplished by Ugation at convenient 
restriction sites or at adapters or linkers inserted in lieu thereof. 

As used herein, the term "open pollination" when used in reference to plants 
means a plant population that is freely exposed to some gene flow, as opposed to a 
closed one in which there is an effective barrier to gene flow. 
10 As used herein, the terms "open-pollinated population" or "open-poUinated 

variety" when used in reference to plants refers to plants normally capable of at least 
some cross-fertilization, selected to a standard, that may show variation but that also 
have one or more genotypic or phenotypic characteristics by which the population or 
the variety can be differentiated from others. A hybrid, which has no barriers to 
15 cross-pollination, is an open-polUnated population or an open-pollinated variety. 

As used herein, the term "ovule" refers to the female gametophyte, whereas 
the term "pollen" means the male gametophyte. 

As used herein, the term "ovule-specific promoter" refers broadly to a nucleic 
acid sequence that regulates the expression of nucleic acid sequences selectively in 
20 the cells or tissues of a plant essential to ovule formation and/or function and/or limits 
the expression of a nucleic acid sequence to the period of ovule formation in a plant. 

As used herein, the term "peptide" refers to a class of compounds of low 
molecular weight which yield two or more amino acids on hydrolysis and form the 
constituent parts of proteins. As used herein, an "oHgopeptide" refers to any molecule 
25 that contains a small number (two to about 20) of amino-acid residues connected by 
peptide linkages. 

As used herein, the term "peptide bond" refers to an amide bond linking amino 
acids between their COOH and NH2 groups; this is essentially a planar bond having 
some double bond character, so free rotation is not possible. 
30 As used herein, the term "phenotype" refers to the observable characters of a 

cell, cell culture, tissue, whole organism (e.g., a whole plant or animal), or group of 
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whole organisms (e,g., a group of whole plants or animals) which results from the 
interaction between the genetic makeup (Le., genotype) of the cell, cell culture, tissue 
or organism and the environment. 

As used herein, the term "plant" refers to whole plants and progeny of the 
5 whole plants, plant cells, plant tissue, plant calli, seeds and pollen. The class of plants 
that can be used in the methods of the invention is generally as broad as the class of 
higher plants amenable to transformation techniques, including both 
monocotyledonous and dicotyledonous plants. 

As used herein, the term "plant line'' is used broadly to include, but is not 
10 limited to, a group of plants vegetatively propagated from a single parent plant, via 

tissue culture techniques or a group of inbred plants which are genetically very similar 
due to descent from a common parent(s). A plant is said to "belong" to a particular 
line if it (a) is a primary transfomiant (TO) plant regenerated from material of that 
line; (b) has a pedigree comprised of a TO plant of that line; or (c) is genetically very 
15 similar due to common ancestry (e.g., via inbreeding or selfing). In this context, the 
term "pedigree" denotes the lineage of a plant, e.g. in terms of the sexual crosses 
effected such that a gene or a combination of genes, in heterozygous (hemizygous) or 
homozygous condition, imparts a desired trait to the plant. 

As used herein, the term "plant organ" refers to any part of a plant. Examples 
20 of plant organs include, but are not limited to the leaf, stem, root, tuber, seed, branch, 
pubescence, nodule, leaf axil, flower, pollen, stamen, pistil, petal, peduncle, stalk, 
stigma, style, bract, fruit, trunk, caipel, sepal, anther, ovule, pedicel, needle, cone, 
rhizome, stolon, shoot, pericarp, endosperm, placenta, berry, stamen, and leaf sheath. 
As used herein, "plantibody™" refers to an antibody including individual 
25 antibody chains, monomeric, dimeric or secretory antibodies or antibody fragments 
produced by a plant, plant organ or plant cell. 

As used herein, the terms "plant transcription unit" or "PTU" refer to a nucleic 
acid sequence encoding a promoter sequence, a coding sequence and a 3' termination 
sequence. 
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As used herein, the term "polypeptide" refers to a linear polymer of amino 
acids linked via peptide bonds. A polypeptide may be as short as 2 amino acids to 
virtually any length. 

As used herein, the term "promoter" refers to a recognition site on a DNA 
5 sequence or group of DNA sequences that provide an expression control element for a 
gene and to which RNA polymerase specifically binds and initiates RNA synthesis 
(transcription) of that gene. 

As used herein, the term "recombinant" refers to a cell, cell culture, tissue or 
organism that has undergone transformation with recombinant DNA. The original 
10 recombinant is designated as "RO" or "Rq." Selfing the Ro produces a first 
transformed generation designated as "Rl" or "Ri 

As used herein, the terms "secretory component" or "SC" refer to a 
polypeptide that is present at the N-terminus of a chimeric immunoglobulin chain 
useful in aiding in the secretion of the chain to the outside of the host. 
15 As used herein, the terms "secretory IgA antibodies" and ("sig") refer to 

antibodies that are comprised of 10 protein chains encoded by four genes: the heavy 
chain ("HC") and the light ("LC") which combine to form monomeric IgA ("mIgA") 
(See Figure 13 A); the joining chain ("JC") which joins two monomeric IgA 
monomers into a dimeric IgA ("dIgA")(See, Figure 13B); and the secretory 
20 component ("SC") which wraps around the dIgA molecule (See Figure 13C). 

As used herein, the term "self pollinated" or "self-pollination" when used in 
reference to plants means the pollen of one flower on one plant is applied (artificially 
or naturally) to the ovule (stigma) of the same or a different flower on the same plant. 
As used herein, the terms "sexually transmitted infections" or "STIs" refer to a 
25 class of diseases and infections that are passed from one person to the next by sexual 
intercourse or contact; also known as STDs or sexually transmitted diseases. 

As used herein, the term "signal sequence" refers to an amino acid sequence 
(the signal peptide) attached to the polypeptide which binds the polypeptide to the 
endoplasmic reticulum and is essential for protein secretion. 
30 As used herein, the term "synthetic variety" when referring to plants means a 

set of progenies derived by intercrossing a specific set of clones or seed-propagated 
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lines. A synthetic may contain mixtures of seed resulting from cross-, self-, and sib- 
fertilization. 

As used herein, the term "tailpiece" refers to that portion of the heavy chain 
comprising an Asn residue which is nomially fucosylated. For example, in the IgA 
5 HX8 antibody, the tailpiece comprises amino acid residues 476-497 of SEQ ID NO: 
1. The Asn residue is at position 484 in the HX8 antibody. 

As used herein, the term "transcript" refers to a product of a transcription 
process. 

As used herein, the term "transformation" refere to the transfer of nucleic acid 
10 a nucleotide polymer) into a cell. As used herein, the term "genetic 

transformation" refers to the transfer and incorporation of DNA, especially 
recombinant DNA, into a cell. 

As used herein, the term "transformant" refers to a cell, tissue or organism that 
has undergone transformation. The original transformant is designated as "TO" or 
15 *To," Selfmg the TO produces a first transformed generation designated as "Tl" or 
•Ti." 

As used herein, the term "transgene" refers to a nucleic acid that is inserted 
into an organism, host cell or vector in a manner that ensures its function. 

As used herein, the term "transgenic" refers to cells, cell cultures, tissues, 
20 organisms (e.g., plants or animals), and their progeny which have received a foreign 
or modified gene by one of the various methods of transformation, wherein the 
foreign or modified gene is from the same or different species than the species of the 
cell, cell culture, tissue or organism, receiving the foreign or modified gene. 

As used herein, the terms "untranslated region" or "UTR" refer to any part of 
25 a mRNA molecule not coding for a protein (e,g,, in eukaryotes the poly(A) tail). 

As used herein, the term "vector" refers broadly to any plasmid or virus 
encoding an exogenous nucleic acid. The term should also be construed to include 
non-plasmid and non- viral compounds which facilitate transfer of nucleic acid into 
virions or cells, such as, for example, polylysine compounds and the like. The vector 
30 may be a viral vector that is suitable as a delivery vehicle for delivery of the nucleic 
acid, or mutant thereof, to a cell, or the vector may be a non- viral vector which is 
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suitable for the same purpose. Examples of viral and non-viral vectors for delivery of 
DNA to cells and tissues are well known in the art and are described, for example, in 
Ma et aL, Proc. Natl. Acad. Sci. U.S.A. 94:12744-12746 (1997). Examples of viral 
vectors include, but are not limited to, a recombinant vaccinia virus, a recombinant 
5 adenovirus, a recombinant retrovirus, a recombinant adeno-associated virus, a 

recombinant avian pox virus, and the like. See, for example. Cranage et al, EMBO J. 
5:3057-3063 (19S6); International Patent AppUcation No. WO94/17810, published 
August 18, 1994; and. International Patent Application No. W094/23744, pubUshed 
October 27, 1994. Examples of non-viral vectors include, but are not limited to, 

10 liposomes, polyamine derivatives of DNA, and the like. 

The term "virus" refers to any of a group of ultramicroscopic or 
submicroscopic infective agents that cause various diseases in animals, such as 
measles, mumps, etc., or in plants, such as mosaic diseases; viruses are capable of 
multiplying only in connection with living cells and are regarded both as living 

15 organisms and as packages of nucleic acids, sometimes involving complex proteins, 
enzymes, etc. 

The present invention includes a plant cell, plant callus, plantlet, whole plant 
or seed comprising an afucosylated monomeric antibody. In one embodiment, the 
plant is a maize plant. In another embodiment, the antibody is located in the seed's 

20 endosperm. In a different embodiment, the antibody is a human antibody. In a 

preferred embodiment, the antibody comprises a heavy chain comprising the amino 
acidsequenceof SEQIDNO: 6. In another preferred embodiment, the antibody 
comprises a light chain comprising the amino acid sequence of SEQ ID NO: 14. In a 
highly preferred embodiment, the heavy chain lacks a tailpiece. In another preferred 

25 embodiment, the antibody is an IgA antibody. In a highly preferred embodiment, the 
antibody is an anti-herpes simplex virus antibody. 

Another aspect of the invention also includes an isolated nucleic acid molecule 
comprising a nucleic acid sequence encoding the amino acid encoded by SEQ ID NO: 
2 or SEQ ID NO: 6; an isolated nucleic acid molecule comprising a nucleic acid 

30 sequence encoding the amino acid encoded by SEQ ED NO: 10 or SEQ ID NO: 14; an 
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isolated nucleic acid molecule comprising SEQ ID NO: 1 or SEQ ID NO: 5; and, an 
isolated nucleic acid molecule comprising SEQ ID NO: 9 or SEQ ID NO: 13. 

Another aspect of the invention includes an isolated vector or plasmid 
comprising SEQ ID NO: 1 or SEQ ID NO: 5; and, an isolated vector or plasmid 
5 comprising SEQ ID NO: 9 or SEQ ID NO: 13. 

The invention also includes an antibody composition comprising two or more 
different glycan structures selected from the group consisting of the structures in 
Figure 12, wherein at least one of the selected glycan structures from Figure 12 is 
afucosylated. 

10 Also included in the invention is plant material comprising the antibody 

composition comprising two or more different glycan structures selected from the 
group consisting of the structures in Figure 12, wherein at least one of the selected 
glycan structures from Figure 12 is afticosylated. In one embodiment, the 
composition is isolated from plant material. In another embodiment, the plant 

15 material is from maize. 

The invention also comprises a monomeric antibody composition comprising 
at least one glycan having the structure of structure 1 as listed in Figure 12; a 
monomeric antibody composition comprising at least one glycan having the structure 
of structure 2 as listed in Figure 12; and, a monomeric antibody composition 
20 comprising at least one glycan having the structure of structure 1 as listed in Figure 16 
and at least one glycan having the structure of structure 2 as listed in Figure 16. 

Further included in the invention is a plant callus, plantlet, whole plant or seed 
comprising a monomeric antibody composition wherein the monomeric antibody 
composition is a monomeric antibody composition comprising at least one glycan 
25 having the structure of structure 1 as listed in Figure 12; a monomeric antibody 
composition comprising at least one glycan having the structure of structure 2 as 
listed in Figure 12; or a monomeric antibody composition comprising at least one 
glycan having the structure of structure 1 as listed in Figure 16 and at least one glycan 
having the structure of structure 2 as listed in Figure 16. 

The invention also includes an isolated afucosylated monomeric anti-herpes 
simplex virus antibody produced by a method comprising: (i) introducing into a plant 



30 
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cell nucleic acids having SEQ ID NO: 1 or SEQ ID NO: 5 and SEQ ID NO: 9 or SEQ 
ID NO: 13, each of which is operably-linked to a promoter; (ii) culturing the plant cell 
to express the introduced nucleic acids; and (iii) isolating the afiicosylated monomeric 
anti-herpes simplex virus antibody produced by the plant cell. Also included in the 
5 invention is a method of producing an isolated afucosylated monomeric anti-herpes 
simplex virus antibody comprising: (i) introducing into a plant cell nucleic acids 
having SEQ ID NO: 1 or SEQ ID NO: 5 and SEQ ID NO: 9 or SEQ ID NO: 13, each 
of which is operably-linked to a promoter; (ii) culturing the plant cell to express the 
introduced nucleic acids; and (iii) isolating the afucosylated monomeric anti-herpes 

10 simplex virus antibody produced by the plant cell. 

Preferred embodiments of the invention include a nucleic acid molecule 
comprising a nucleic acid sequence selected from the group consisting of SEQ ID 
• NO: 15 (pDAB635), SEQ ID NO: 16 (pDAB16), SEQ ID NO: 17 (pDAB637), SEQ 
ID NO: 84 (pDAB3014) and SEQ ID NO: 85 (pDAB8505), 

15 The invention is also directed to a method of producing a transformed plant 

cell expressing an afucosylated antibody comprising introducing a single vector 
comprising a nucleic acid sequence encoding an immunoglobulin heavy chain and an 
immunoglobulin light chain into a plant cell and culturing the transformed plant cell 
to produce a plant expressing an afucosylated antibody. In one embodiment, a 

20 transformed plant is regenerated from the transformed plant cell. In a preferred 
embodiment, the vector is pDAB8505. 

II. Background for Production of IgA in Plants 
A. Examples of Suitable IgAs to Utilize 

25 Any IgA antibody can be used in the methods of the instant invention. IgA is 

an inununoglobulin found in human plasma. It is the major immunoglobulin of 
seromucous secretions and is involved in the defense of external body surfaces against 
attack by microorganisms. 

Immunoglobulin A (IgA) proteins are well known and characterized, including 

30 their nucleic acid and amino acid sequences. Examples of IgA inununoglobulins that 
can be used in the compositions and methods of the instant invention include but are 
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not limited to the following: Entamoeba histolytica antigens recognized by human 
secretory IgA antibodies (Carrero et aL, Parasitol Res. 86(4):330-4 (2000)); 
transforming growth factor-beta -inducible mouse germ line Ig alpha constant region 
gene (Zhang et al., J Biol Chem. 275(22): 16979-85 (2000)); immunoglobulin A (IgA) 
5 and IgM antibodies against human cytomegalovirus in solid-organ transplant 
recipients (Eing et al, Clin Diagn Lab Immunol. 6(4):621-3 (1999)); excretion of 
secretory IgA in the postischemic kidney (Rice et a/. Am J Physiol. 276(5 Ft 2):F666- 
73 (1999)); secretory immunoglobulin A release by Calu-3 airway epithelial cells 
(Loman et al. Immunology. 96(4):537-43 (1999)); specific IgA in the sera of HBsAg 
10 chronic carriers (Elsana et al., J Hum Virol. l(l):52-7 (1997)); antx-Toxoplasma 
gondii IgA antibodies (Ronday et aL, Am J Ophthalmol. 127(3):294-300 (1999)); 
secretory immunoglobulins A from human milk (Kit et aL, Biochemistry (Mosc). 
64(l):40-6 (1999)); anti-Kp 90 IgA antibodies in the diagnosis of active tuberculosis 
(Arikan etaL, Chest. 114(5): 1253-7 (1998)); cloning of IgA from the marsupial 
15 Monodelphis domestica (Aveskogh et aL , Eur J Immunol. 28(9):2738-50 (1998)); 

germline and full-length IgA RNA transcripts among peritoneal B-1 cells (deWaard et 
aL, Dev Immunol. 6(l-2):81-7 (1998)); and the constant region of the 
immunoglobulin A heavy chain (C alpha) from a marsupial: Trichosurus vulpecula 
(common brushtail possum) (Belov et aL, Immunol Lett. 60(2-3): 165-70 (1998). 
20 Erratum in: Immunol Lett 63(3): 175-6 (1998)), 

B. Herpes Simplex Virus (HSV) 

Herpes simplex refers to a variety of infections caused by herpesvirus type 1 
(HSV 1) and type 2 (HSV 2). Herpes simplex viruses subtypes 1 and 2 (HSV-1, HSV- 

25 2), are herpes viruses that are among the most common infectious agents encountered 
by humans. Type 1 infections are marked most commonly by the eruption of one or 
more groups of vesicles on the vermilion border of the lips or at the external nares 
with lesions occurring also on the genitalia. Type 2 is characterized by such lesions 
on the genitalia with lesions often occurring on the vermilion border of the lips or at 

30 the external nares. The viruses frequently become latent and may not be expressed 
for years. 
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These viruses cause a broad spectrum of diseases which range from relatively 
insignificant and nuisance infections such as recurrent herpes simplex labialis, to 
severe and life-threatening diseases such as herpes simplex encephalitis (HSE) of 
older children and adults, or the disseminated infections of neonates. Clinical 
5 outcome of herpes infections is dependent upon early diagnosis and prompt initiation 
of antiviral therapy. However, despite some successful therapy, deraial and epidermal 
lesions recur, and HS V infections of neonates and infections of the brain are 
associated with high morbidity and mortality. Improved treatments are desperately 
needed. 

10 Exemplary strains of herpes simplex virus-1 include, but are not limited to 

HSV-1716, HSV-3410, HSV-3616, HSV-R3616, HSV-R47, HSV- G207, HSV-7020, 
HSV-NVRIO, HSV-G92A, HSV-3616-IL-4, and HSV-hrR3. Exemplary strains of 
herpes simplex virus-2 include, but are not limited to strain 2701, strain 2616, and 
strain 2604, U.S. Patent No. 6,156,313 provides the amino acid residue sequence of 

15 the heavy chain variable region sequence for an antibody which targets and 

neutralizes Herpes simplex virus Type-1 and Type-2 (SEQ ID NO: 2 of the '313 
patent) as well as the nucleic acid sequence that encodes the heavy chain CDR3 
amino acid sequence (SEQ ID NO: 1 of the '313 patent). 

20 C. Formulations for Anti-HSV Antibodies 

The anti-HSV antibodies of the present invention are produced in plants, at 
least partially purified, and can then be formulated into a topical application. The 
anti-HSV antibodies of the present invention can be used in the treatment of the skin 
of terrestrial mammals, including for example humans, domestic pets, and livestock 

25 and other farm animals. A preferred use of the anti-HSV antibodies of the present 
invention is to prevent transmission of the HSV, 

For such thenqjy, the compounds of the invention can be formulated for a 
variety of loads of administration, including systemic and topical or localized 
administration. Techniques and formulations generally may be found in 

30 Remington's Pharmaceutical Sciences, Meade Publishing Co., Easton, PA, which is 
incorporated in its entirety herein. For systemic administration, injection is preferred. 
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including intramuscular, intravenous, intraperitoneal, and subcutaneous. For 
injection, the compounds of the invention can be formulated in liquid solutions, 
preferably in physiologically compatible buffers such as Hank's solution, (Hanks' 
Solution; Potassium Phosphate 0.44 mM, Potassium Chloride 5.37 mM, Sodium 
5 Phosphate, Dibasic 0.34 mM 136.89, Sodium Chloride mM, D-Glucose 5.55 mM. 
The reagent is ready for use. The pH of the diluted Hanks' Salt Solution is 6.7 plus or 
nainus 0.2. Sodium Bicarbonate can be added to the solution (0.35g/L). The pH of the 
solution can be adjusted with IN HCl or IN NaOH). In addition, the compounds 
may be formulated in solid fomi and redissolved or suspended immediately prior to 
10 use. Lyophilized forms are also included. 

In a preferred practice of this invention, the anti-HS V antibodies of the present 
invention can be administered as active ingredients in a formulation that is 
pharmaceutically acceptable for topical administration. Topical formulations, 
including those that are useful for transdermal drug release, are well-known to those 
15 of skill in the art and are suitable in the context of the present invention for 

application to skin. Formulations suitable for topical or intranasal application include 
ointments, drops, creams, solutions, tinctures, lotions, pastes, gels, sprays, aerosols 
and oils containing the active ingredient and various supports and vehicles. These 
fomiulations may or may not contain a vehicle or carrier, although the use of a vehicle 
20 or carrier is preferred. Suitable carriers for such formulations include petroleum jelly, 
lanolin, polyethyleneglycols, alcohols, and combinations thereof. Preferred vehicles 
are non-lipid vehicles, particularly a water-miscible liquid or mixture of liquids. 
Examples are methanol, ethanol, isopropanol, ethylene glycol, propylene glycol, and 
butylene glycol, and mixtures of two or more of these compounds. The active 
25 ingredient is typically present in such formulations at a concentration of from 0. 1 to 
15% w/w. 

Formulations such as discussed herein can be prepared by any suitable 
method, typically by uniformly and intimately admixing the active compound with 
liquids or finely divided solid carriers or both, in the required proportions and then, if 
30 necessary, shaping the resulting mixture into the desired shape. 
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For example a tablet may be prepared by compressing an intimate mixture 
comprising a powder or granules of the active ingredient and one or more optional 
ingredients, such as a binder, lubricant, inert diluent, or surface active dispersing 
agent, or by molding an intimate mixture of powdered active ingredient and inert 
5 liquid diluent. 

A topical semi-sohd ointment formulation typically contains a concentration 
of the active ingredient from about 1 to 20%, e.g., 5 to 10% in a carrier such as a 
pharmaceutical cream base, although the concentration may vary outside this range. 
The optimum amounts in any given instance will be readily apparent to those skilled 

10 in the art or are capable of determination by routine experimentation. 

Topical formulations containing the anti-HS V antibodies of the present 
invention can be formulated as lotions, solutions, gels, creams, emollient creams, 
unguents, sprays, or any other form that will permit topical application. The 
formulation may also contain one or more agents that promote the spreading of the 

15 formulation over the affected area, but are otherwise biologically inactive. Examples 
of these agents are surfactants, humectants, wetting agents, emulsifiers, or propellants. 

The anti-HS V antibodies of the present invention may also be admixed, 
encapsulated, conjugated or otherwise associated with other molecules, molecule 
structures or mixtures of compounds, as for example, liposomes, receptor targeted 

20 molecules, oral, rectal, topical or other formulations, for assisting in uptake, 

distribution and/or absorption. Representative United States patents that teach the 
preparation of such uptake, distribution and/or absorption assisting formulations 
include, but are not limited to, U.S. Pat. Nos. 5,108,921; 5,354,844; 5,416,016; 
5,459,127; 5,521,291; 5,543,158; 5,547,932; 5,583,020; 5,591,721; 4,426,330; 4,534, 

25 899; 5,013,556; 5,108,921; 5,213,804; 5,227,170; 5,264.221; 5,356,633; 5, 395,619; 
5,416,016; 5,417,978; 5,462,854; 5,469,854; 5,512,295; 5,527,528; 5,534,259; 
5,543,152; 5,556,948; 5,580,575; and 5,595,756, each of which is herein incorporated 
by reference in its entirety. 

Optimal methods and frequency of administration will be readily apparent to 

30 those skilled in the art or are capable of determination by routine experimentation. 

Effective results in most cases are achieved by topical application of a thin layer over 
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the affected area, or the area where one seeks to achieve the desired effect. 
Depending on the condition being addressed, its stage or degree, and whether 
application is done for therapeutic or preventive reasons, effective results are achieved 
with application rates of from one application every two or three days to four or more 
5 applications per day. 

The compositions may, if desired, be presented in a pack or dispenser device 
which may contain one or more unit dosage forms containing the active ingredient. 
The pack may for example comprise metal or plastic foil, such as a blister pack. The 
pack or dispenser device may be accompanied by instructions for administration. 
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D. Summary List of SEQ ID NOs. for Anti-HSV Antibodies 



SEQ ID NUMBER . 


DESCRIPTION 


1 


Heavy Chain Sequence (nucleic acid) (mouse leader 
sequence), 1494 nt 




Heavy Chain Sequence (amino acid), 497 a,a. 




Heavy Chain signal peptide (nucleic acid), 57 nt 


4 


Heavy Chain signal peptide (amino acid) (mouse leader 
sequence), 19 a.a. 


5 


Mature Heavy Chain (nucleic acid), 1368 nt 


6 


Mature Heavy Chain (amino acid), 456 a. a. 


7 


Heavy Chain Tailpiece (nucleic acid), 69 nt 


8 


Heavy Cham Tailpiece (anuno acid), 22 a.a. 


9 


Light Cham Sequence (nucleic acid), 702 nt 


10 


Light Cham Sequence (ammo acid) (mouse leader 
sequence), 233 a.a. 


11 


Light Chain signal peptide (nucleic acid), 57 nt 


12 


Light Cham signal peptide (ammo acid) (mouse leader 
sequence), 19 a.a. 


la 


Mature Light Chain (nucleic acid), 642 nt 


14 


Mature Light Chain (amino acid), 214 a. a. 


15 


pDADo35 (ubiH) sequence (barley leader sequence), 9144 
ni 


xo 


piy/vDOJo v.uoii^^ sequence (^oariey leaoer sequence^, ojDZ. nc 




pi^/\j30.> / V.UD1 xirrL^j sequcnce ^oariey leaoer sequence 

L^JO\J IIL 


18 


CDR3 region of heavv chain FabHSV S-CDR3 16 a a 


19 


Heavy Chain V region FabSHV 8, 122 a.a. 


20 


Tryptic+ Asp-N peptide of N269, 18 a.a. 


21-48 


Peptide Tryptic fragments in Table 6 


49-83 


Peptide Tryptic fragments in Table 7 


84 


pDAB3014 


85 


pDAB8505 (mouse leader sequence for HC and LC) 
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E. Amino Acid Sequences of Anti-HSV Heavy Chain, Light Chain 
and Monomeric IgA Antibodies Isolated From Plants 

The present invention provides the polypeptides for the heavy chain, light 
chain and monomeric IgA for anti-HS V antibodies, wherein such polypeptides are 
5 isolated from plants. 

As used herein, "protein" or "polypeptide" refers, in part, to an amino acid that 
has the amino acid sequence depicted in SEQ ID NOs: 2, 4, 6, 8, 10, 12, and 14. The 
terms also refer to naturally occurring allelic variants and proteins that have a slightly 
different amino acid sequence than that specifically provided in SEQ ID NOs: 2, 4, 6, 
10 8, 10, 12 and 14. AlleUc variants, though possessing a slightiy different amino acid 
sequence than those recited herein, will still have the same or similar biological 
functions associated with these proteins. 

As used herein, the family of proteins related to the amino acid sequences 
having SEQ ID NOs: 2, 4, 6. 8, 10, 12 and 14 refers to proteins that have been 
15 isolated from organisms in addition to humans. 

The anti-HBV antibody polypeptides of the present invention are preferably in 
isolated form. As used herein, a polypeptide is said to be isolated when physical, 
mechanical or chemical methods are employed to remove the protein from cellular 
constituents that are normally associated with the protein. A skilled artisan can 
20 readily employ standard purification methods to obtain an isolated protein. 

The proteins of the present invention fiirther include insertion, deletion or 
conservative amino acid substitution variants of SEQ ID NOs: 2, 4, 6, 8, 10, 12 and 
14. As used herein, a conservative variant refers to alterations in the amino acid 
sequence that do not adversely affect the biological fiinctions of the protein. A 
25 substitution, insertion or deletion is said to adversely affect the protein when the 

altered sequence prevents or disrupts a biological function associated with the protein. 
For example, the overall charge, structure or hydrophobic/hydrophilic properties of 
the protein, in certain instances, may be altered without adversely affecting a 
biological activity. Accordingly, the amino acid sequence can be altered, for example 
30 to render the pepdde more hydrophobic or hydrophilic, without adversely affecting 
the biological activities of the protein. 
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Ordinarily, the allelic variants, the conservative substitution variants, and the 
members of the protein family, will have an amino acid sequence having at least 
about 50%, 60%, 70% or 75% amino acid sequence identity with the sequence set 
forth in SEQ ID NOs: 2, 4, 6, 8, 10, 12 and 14; more preferably at least about 80%; 
5 even more preferably at least about 90-95%; and most preferably at least about 99 or 
99.5% sequence identity. Identity or homology with respect to such sequences is 
defined herein as the percentage of amino acid residues in the candidate sequence that 
are identical with SEQ ID NOs: 2, 4, 6, 8, 10, 12 and 14, after aligning the sequences 
and introducing gaps, if necessary, to achieve the maximum percent homology, and 
10 not considering any conservative substitutions as part of the sequence identity. 
Fusion proteins, or N-terminal, C-terminal or internal extensions, deletions, or 
insertions into the peptide sequence shall not be construed as affecting homology. 

Thus, the proteins of the present invention include molecules having the amino 
acid sequence disclosed in SEQ ID NOs: 2, 4, 6, 8, 10, 12 and 14; fragments thereof 
15 having a consecutive sequence of at least about 3, 4, 5, 6, 10, 15, 20, 25, 30, 35 or 

more amino acid residues of these proteins; amino acid sequence variants wherein one 
or more amino acid residues has been inserted N- or C-terminal to, or within, the 
disclosed coding sequence; and amino acid sequence variants of the disclosed 
sequence, or their fragments as defined above, that have been substituted by at least 
20 one residue. Such firagments, also referred to as peptides or polypeptides, may 

contain antigenic regions, functional regions of the protein identified as regions of the 
amino acid sequence which correspond to known protein domains, as well as regions 
of pronounced hydrophilicity. The regions are all easily identifiable by using 
commonly available protein sequence analysis software such as, for example, 
25 Mac Vector (Oxford Molecular). Other protein analysis software, useful in the 
practice of the invention, is known in the art. 

Contemplated variants further include tiiose containing predetermined 
mutations by, e.g., homologous recombination, site-directed or PGR mutagenesis, and 
the corresponding proteins of other animal species, including but not limited to rabbit, 
30 mouse, rat, porcine, bovine, ovine, equine and non-human primate species, and the 
alleles or other naturally occurring variants of the family of HSV-related proteins; and 
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derivatives wherein the protein has been covalently modified by substitution, 
chemical, enzymatic, or other appropriate means with a moiety other than a naturally 
occumng amino acid (for example a detectable moiety such as an enzyme or 
radioisotope). 

5 The present invention further provides compositions comprising a protein or 

polypeptide of the invention and a diluent. Suitable diluents can be aqueous or non- 
aqueous solvents or a combination thereof, and can comprise additional components, 
for example water-soluble salts or glycerol, that contribute to the stability, solubility, 
activity, and/or storage of the protein or polypeptide. 

10 

F. Nucleic Acid Sequences of Anti-HSV Heavy Chain, Light Chain 
and Monomeric IgA Antibodies 

The present invention utilizes nucleic acid molecules that encode the heavy 
chain (SEQ ID NOs,: 1 and 5) and light chain (SEQ ID NOs.: 9 and 13) of anti-HSV 
15 antibodies and the related polypeptides herein described, preferably in isolated fomi. 
As used herein, "nucleic acid" is defined as RNA or DNA that encodes a 
protein or peptide as defined herein, is complementary to a nucleic acid sequence 
encoding such peptides, hybridizes to the nucleic acid of SEQ ID NOs: I, 3, 5, 7, 9, 
1 1 and 13 and remains stably hybridized to it under appropriate stringency conditions, 
20 encodes a polypeptide sharing at least about 50%, 60%, 70% or 75%, preferably at 
least about 80%, more preferably at least about 85%, and most preferably at least 
about 90%, 95%, 98%, 99%, 99.5% or more identity with the peptide sequence of 
SEQ ID NOs: 1, 3, 5, 7, 9, 11 and 13, or exhibits at least 50%, 60%, 70% or 75%, 
preferably at least about 80%, more preferably at least about 85%, and even more 
25 preferably at least about 90%, 95%, 98%, 99%, 99.5% or more nucleotide sequence 
identity over the open reading frames of SEQ ID NOs: 1, 3, 5, 7, 9, 1 1 and 13. 

The present invention further includes isolated nucleic acid molecules that 
specifically hybridize to the complement of SEQ ID NOs: 1, 3, 5, 7, 9, 1 1 and 13, 
particularly molecules that specifically hybridize over the open reading frames. Such 
30 molecules that specifically hybridize to the complement of SEQ ID NOs: 1, 3, 5, 7, 9, 
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11 and 13 typically do so under stringent hybridization conditions, such conditions 
being described below- 

Specifically contemplated are genonaic DNA, cDNA, mRNA and antisense 
molecules, as well as nucleic acids based on alternative backbones or including 
5 alternative bases whether derived from natural sources or synthesized. 

Homology or identity at the nucleotide or amino acid sequence level is 
determined by BLAST (Basic Local Alignment Search Tool) analysis using the 
algorithm employed by the programs blastp, blastn, blastx, tblastn and tblastx. See, 
for example, Altschul etal. Nucleic Acids Res. 25: 3389-3402 (1997) and Karlin et 

10 aU Proc. NatL Acad. Sci. USA 87: 2264-2268 (1990), both fully incorporated by 

reference, which are tailored for sequence similarity searching. The approach used by 
the BLAST program is to first consider similar segments, with and without gaps, 
between a query sequence and a database sequence, then to evaluate the statistical 
significance of all matches that are identified and finally to summarize only those 

15 matches which satisfy a preselected threshold of significance. For a discussion of 
basic issues in similarity searching of sequence databases, see, for example, Altschul 
et aL, Nat Genet 6: 1 19-129 (1994), which is fully incorporated by reference. The 
search parameters for histogram, descriptions, alignments, expect (i.e., the statistical 
significance threshold for reporting matches against database sequences), cutoff, 

20 matrix and filter (low complexity) are at the default settings. The default scoring 
matrix used by blastp, blastx, tblastn, and tblastx is the BLOSUM62 matrix (see, for 
example, Kenikoff et al, Proc. Natl, Acad. Sci. USA 89: 10915-10919 (1992), fully 
incorporated by reference), recommended for query sequences over 85 nucleotides or 
amino acids in length. 

25 For blastn, the scoring matrix is set by the ratios of M (i,e, , the reward score 

for a pair of matching residues) to N (Le., the penalty score for mismatching residues), 
wherein the default values for M and N are 5 and -4, respectively. Four blastn 
parameters were adjusted as follows: Q=10 (gap creation penalty); R=10 (gap 
extension penalty); wink=l (generates word hits at every wink^ position along the 

30 query); and gapw=16 (sets the window width within which gapped alignments are 
generated). The equivalent Blastp parameter settings were Q=9; R=2; wink=l; and 
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gapw=32. A Bestfit comparison between sequences, available in the GCG package 
version 10.0, uses DNA parameters GAP=50 (gap creation penalty) and LEN=3 (gap 
extension penalty) and the equivalent settings in protein comparisons are GAP=8 and 
LEN=2. 

5 "Stringent conditions" are those that (1) employ low ionic strength and high 

temperature for washing, for example, 0.015 M NaCl/0.0015 M sodium citrate/0.1% 
SDS (sodium dodecyl sulfate) at 50** C, or (2) employ during hybridization a 
denaturing agent such as formamide, for example, 50% (vol/vol) formamide with 
0.1% bovine serum albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mM sodium 
10 phosphate buffer at pH 6.5 with 750 mM NaCl, 75 mM sodium citrate at 42nC. 

Anottier example is hybridization in 50% formamide, 5x SSC solution (0.75 M NaCl, 
0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0,1% sodium 
pyrophosphate, 5xDenhardt's solution (50XDenhards's Reagent: 1% (w/v) Ficoll 
400, 1% (w/V) polyvinylpyrrolidone, 1% (w/v) bovine serum albumin (Sigma, 
15 Fraction V)), sonicated salmon sperm DNA (50 M-g/ml), 0. 1 % SDS, and 10% dextran 
sulfate at 42° C, with washes at 42° C in 0.2x SSC solution and 0.1% SDS. A skilled 
artisan can readily determine and vary the stringency conditions appropriately to 
obtain a clear and detectable hybridization signal. Preferred molecules are those that 
hybridize under the above conditions to the complement of SEQ ID NOs: 1, 3, 5, 7, 9, 
20 11 and 13 and which encode a functional or full-length protein. Even more preferred 
hybridizing molecules are those that hybridize under the above conditions to the 
complement strand of the open reading frame of SEQ ID NOs: 1, 3, 5, 7, 9, 1 1 and 13. 

As used herein, a nucleic acid molecule is said to be "isolated" when the 
nucleic acid molecule is substantially separated from contaminant nucleic acid 
25 molecules encoding other polypeptides. 

The present invention further utilizes fragments of the disclosed nucleic acid 
molecules. As used herein, a fragment of a nucleic acid molecule refers to a small 
portion of the coding or non-coding sequence. The size of the fragment will be 
determined by the intended use. If the fragment is to be used as a nucleic acid probe 
30 or PCR primer, then the fragment length is chosen so as to obtain a relatively small 
number of false positives during probing/priming. If the fragment is chosen so as to 
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encode an active portion of the protein, the fragment will need to be large enough to 
encode the functional region(s) of the protein. For instance, fragments which encode 
peptides corresponding to predicted antigenic regions may be prepared. For example, 
the present invention utilizes fragments that encode the amino acid sequence for the 
5 CDR3 region of the heavy chain of clone FabHS V8 as provided by SEQ ID NO: 1 of 
U.S. Patent No. 6,156,313 (set forth herein as SEQ ID NO: 18). Furthermore, the 
present invention utilizes a human monoclonal antibody which neutralizes both HSV 
Type-1 and Type-2, binds to an epitope present on glycoprotein D, has the binding 
specificity of an Fab fragment produced by ATCC 69522, and has heavy chains with 

10 a CDR3 of SEQ ID NO:2 as provided by U.S. Patent No. 6,156,313 (set forth herein 
as SEQ ID NO: 19). 

Fragments of the nucleic acid molecules of the present invention (/.e., 
synthetic oligonucleotides) that are used as probes or specific primers for the 
polymerase chain reaction (PGR), or to synthesize gene sequences encoding proteins 

15 of the invention, can easily be synthesized by chemical techniques, for example, the 
phosphoramidite method of Matteucci etal (J, Am. Chem. Soc. 103: 3185-3191 
(1981) or using automated synthesis methods. In addition, larger DNA segments can 
readily be prepared by well known methods, such as synthesis of a group of 
oligonucleotides that define various modular segments of the gene, followed by 

20 ligation of oligonucleotides to build the complete modified gene. 

The nucleic acid molecules of the present invention may further be modified 
so as to contain a detectable label for diagnostic and probe purposes. A variety of 
such labels are known in the art and can readily be employed with the encoding 
molecules herein described. Suitable labels include, but are not limited to, biotin, 

25 radiolabeled or fluorescently labeled nucleotides and the like. A skilled artisan can 
readily employ any such label to obtain labeled variants of the nucleic acid molecules 
of the invention. 



30 
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II. Background for Production of IgG in Plants 
A. Examples of Suitable IgGs to Utilize 

Any IgG antibody can be used in the methods of the instant invention. IgG is 
the principal immunoglobulin of human plasnia and other internal body fluids. It is 
5 also the most commonly seen myeloma protein. A myeloma protein designated Eu 
from a human protein was the first immunoglobulin to be completely sequenced 
(Edelman et al, Proc. Natl. Acad. Sci. USA 63:78 (1969)). 

Immunoglobulin G (IgG) proteins are well known and characterized, including 
their nucleic acid and amino acid sequences. Examples of IgG immunoglobulins that 
10 can be used in the compositions and methods of the instant invention include but are 
not limited to the following: human antibodies reacting with different epitopes on 
integrin beta 3 of platelets and endothelial cells (Jallu et al , Eur J Biochem, 
222(3):743-51 (1994)); high affinity recombinant human IgGl anti-RhD antibody 
(Miescher et al, Br JHaematol. lll(l):157-66 (2000)); synovial IgG against the EF- 
15 Tu of M tuberculosis (Adachi etal.J Dent Res. 79(10): 1752-7(2000)); binding to 
endogenous retroviral antigens in HIV-1 infected persons (Lawoko et aL, J Med 
ViroL 62(4):435-44 (2000)); immunoglobulin G antibody to human 
immunodeficiency virus type 1 (Hashinaka etaL, Clin Diagn Lab Immunol. (6):967- 
76 (2000)); a recombinant human CCR5-specific antibody (Steinberger ai, J Biol 
20 Chem. 275(46):36073-8 (2000)); a cDNA sequence encoding the immunoglobulin 
heavy chain of the Antarctic teleost Trematomus bemacchii (Coscia etal. Fish 
Shellfish Immunol. 10(4):343-57 (2000)); expression and regulation of 
immunoglobulin heavy chain gene transfected into lymphoid cells (Neuberger, 
EMBO J. 2(8): 1373-8 (1983)); a murine monoclonal IgG that participates in the 
25 neutralization of Androctonus australis hector scorpion venom (Devaux et aL^ Eur J 
Biochem. 268(3):694-702 (2001)); truncated forms of humanized L243 IgGl (Lund et 
al, Eur J Biochem. 267(24):7246-57.(2000)); single-chain Fv-Fc fusions in Pichia 
pastoris (Powers et a/., J Immunol Methods. l;251(l-2):123-35 (2001)); 
immunoglobulin G (IgG) autoantibody specific for CRMP-5 (Yu et aL, Ann Neurol. 
30 49(2): 146-54 (2001)); IgG antibodies specific for Wolbachia surface protein in rhesus 
monkeys infected with Brugia nialayi (Punkosdy et al,, J Infect Dis. 184(3):385-9. 
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Epub 2001 Jul 03 (2001)); human IgG monoclonal anti-alpha(nb)beta(3)-binding 
fragments (Jacobin et al., J. Immunol. 168 (4), 2035-2045 (2002)); systemic sclerosis 
immunoglobulin G autoantibodies (Lunardi etal, Nat Med. 6(10);1 183-6 (2000)); 
human monoclonal antibody specific for the leucine-33 (PlAl, HPA-la) (Griffin et 
5 a/.. Blood. 15;86(12):4430-6 (1995)); humanized anti-CDlS murine immunoglobulin 
G (Ipp et aL, Arch Biochem Biophys. 308(2):387-99 (1994); and antibodies to GPIIb 
alpha (300-312) (Taylor et al, Proc Soc Exp Biol Med. 205(1):35^3 (1994)). 

B. Integrins 

10 Integrin receptors (also called integrins) are a class of molecules mediating 

cell adhesion to the extracellular matrix, and cell recognition and transmembrane 
responses in a wide array of physiological contexts (Clarke et aL, Science 285: 1028- 
1032 (1995)). Integrins aVP3 and aV|35 have been shown to have strong 
involvement in new blood vessel growth. Each of these integrins binds specific 
15 molecules in the extracellular matrix: aV(33 binds vitronectin plus other extracellular 
matrix proteins including fibrinogen; aVp5 is a vitronectin receptor. The primary 
medical target of the anti-integrin aVP3/aVP5 antibody is vascular recruitment by 
tumors ("tumor angiogenesis"). During angiogenesis, blood vessel endothelial cells 
leave pre-existing vessels and form new tubules, which will develop into capillaries. 
20 When this process is proceeding normally, vitronectin binding to aV^5 expressed in 
the vascular endothelial cells induces expression of aVP3 and promotes angiogenesis 
by a cascade of signals and interactions. Vitronectin binding to endothelial aVp3 also 
suppresses protein kinase A. When anti-aVP3 antibody blocks that binding to 
vitronectin, protein kinase A perturbs the cells so that vessel development, tumor cell 
migration and metastasis are inhibited. Cell death will occur in such antibody- 
blocked cells of angiogenic systems. 

An antibody generated against aV|33 blocked basic fibroblast growth factor 
(bFGF) induced angiogenesis, whereas an antibody specific to aVj35 inhibited 
vascular endothelial growth factor (VEGF) induced angiogenesis (Eliceiri, et al, J. 
CUn. Invest. 103: 1227-1230 (1999); Friedlander et al., Science 270: 1500-1502 
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(1995)). In addition to those discussed above, other examples of integrin-related 
immunoglobulins that can be used in the compositions and methods of the instant 
invention include but are not limited to the following: monoclonal antibodies to 
ligand-occupied confomiers of integrin alpha Hb beta 3 (glycoprotein nb-HIa) 
5 (Frelinger etaU J Biol Chem. 266(26):17106-11 (1991)); human autoantibody 2E7 
specific for the platelet integrin lib heavy chain (Kunicki et al, J Autoimmun. 
(3):433-46 (1991)); a murine monoclonal antibody directed against the CD18 
component of leukocyte integrins (Daugherty et al. Nucleic Acids Res. 19(9):2471-6 
(1991)); anti-integrin (alpha 5 beta 1) antibodies (Fogerty et al, J Cell Biol. 
10 11 1(2):699-708 (1990)); a monoclonal antibody against platelet GPIIb (Golino et al , 
J Biol Chem. 265(16):9575-S1 (1990)); human monoclonal autoantibody specific for 
human platelet glycoprotein lib (integrin alpha lib) heavy chain (Kunicki et al. Hum 
Antibodies Hybridomas l(2):83-.95 (1990)); humanized antibody specific for the 
platelet integrin gpEb/HIa (Co et al, J Immunol. 15;152(6):2968-76 (1994)); 
15 bioactive Arg-Gly-Asp conformations in anti-integrin GPHb-IIIa antibodies (Prammer 
etal. Receptor. 4(2):93-108 (1994)); humanized anti-beta 1 integrin chain mAb (Foul 
et al, Mol Immunol. 32(2): 101 -16 (1995)); leukocyte integrin lymphocyte function- 
associated antigen 1 (Holness et al, J Biol Chem. 270(2): 877-84 (1995)); synthetic 
antibodies as adhesive ligands for integrins (Smith et al.^JBiol Chem. 
20 269(52):32788-95 (1994)); monoclonal antibodies to platelet integrin alpha Hb beta 3 
(Yano et al, J Biochem (Tokyo). 116(4):778-86 (1994)); recombinant murine Fab 
fragment specific for the integrin alpha lib beta 3 (Kunicki et aL, J Biol Chem. 
270(28): 16660-5 (1995)); IgG anti-phospholipid antibody with platelet glycoprotein 
Ilia (Tokita et al, Thromb Haemost. 75(1): 168-74 (1996)); and human monoclonal 
25 Fab fragments that bind specifically to the platelet HPA-la alloantigen on 
glycoprotein nb-DIa (Proulx et al.. Vox Sang. 72(l):52-60 (1997)). 

Examples of anti-dual integrin antibodies that can be used in the compositions 
and methods of the instant invention include but are not limited to those disclosed in 
U.S. Patent Application No. 2003/0040044 and International Published Patent 
30 Application No, WO 02/12501. See also ATCC Deposit Numbers AX472604, 
AX472605, AX472606, AX472607, AX472608, and AX47209. 
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ni. General Background for Production for either IgA and IgG in Plants 

A, Recombinant DNA (rDNA) Molecules Comprising a Nucleic 
Acid Molecule 

The present invention further provides recombinant DNA molecules (rDNAs) 
5 that contain a coding sequence. As used herein, a rDNA molecule is a DNA molecule 
that has been subjected to molecular manipulation. Methods for generating rDNA 
molecules are well known in the art, for example, see Sambrook et al. Molecular 
Cloning- A Laboratory Manual, Third Ed„ Cold Spring Haibor Laboratory Press, 
Cold Spring Harbor, NY, 2001. In the preferred rDNA molecules, a coding DNA 
10 sequence is operably linked to expression control sequences and/or vector sequences. 

The choice of vector and/or expression control sequences to which one of the 
protein family encoding sequences of the present invention is operably linked depends 
directly, as is well known in the art, on the functional properties desired, e.g., protein 
expression, and the host cell to be transformed. A vector contemplated by the present 
15 invention is at least capable of directing the replication or insertion into the host 
chromosome, and preferably also expression, of the structural gene included in the 
rDNA molecule. 

Expression control elements that are used for regulating the expression of an 
operably linked protein encoding sequence are known in the art and include, but are 
20 not limited to, inducible promoters, constitutive promoters, secretion signals, and 
other regulatory elements. Preferably, the inducible promoter is readily controlled, 
such as being responsive to a nutrient in the host cell's medium. 

B. Production of Recombinant Proteins using a rDNA Molecule 

25 The present invention further provides methods for producing a protein of the 

invention using nucleic acid molecules herein described. In general terms, the 
production of a recombinant form of a protein typically involves the following steps: 

First, a nucleic acid molecule is obtained that encodes a protein of the 
invention, such as a nucleic acid molecule comprising, consisting essentially of or 

30 consisting of SEQ ID NO: 1 or SEQ ID NO: 9. 
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If the encoding sequence is uninterrupted by introns, as are these open- 
reading-frames, it is directly suitable for expression in any host. 

The nucleic acid molecule is then preferably placed in operable linkage with 
suitable control sequences, as described above, to form an expression unit containing 
the protein open reading frame. The expression unit is used to transform a suitable 
host and the transformed host is cultured under conditions that allow the production of 
the recombinant protein. Optionally the recombinant protein is isolated from the 
medium or from the cells; recovery and purification of the protein may not be 
necessary in some instances where some impurities may be tolerated. 

Each of the foregoing steps can be done in a variety of ways. For example, the 
desired coding sequences may be obtained from genomic fragments and used directly 
in appropriate hosts. The construction of expression vectors that are operable in a 
variety of hosts is accomplished using appropriate replicons and control sequences, as 
set forth above. The control sequences, expression vectors, and transformation 
15 methods are dependent on the type of host cell used to express the gene and were 
discussed in detail earlier. Suitable restriction sites can, if not normally available, be 
added to the ends of the coding sequence so as to provide an excisable gene to insert 
into these vectors. A skilled artisan can readily adapt any host/expression system 
known in the art for use with the nucleic acid molecules of the invention to produce 
20 recombinant protein. 



C. Promoters 

An inducible promoter is a promoter where the rate of RNA polymerase 
binding and initiation is modulated by external stimuli. Such stimuli include light, 
25 heat, anaerobic stress, alteration in nutrient conditions, presence or absence of a 
metabolite, presence of a ligand, microbial attack, wounding and the like. 

A viral promoter is a promoter with a DNA sequence substantially similar to 
the promoter found at the 5' end of a viral gene. For example, a typical viral promoter 
is found at the 5" end of the gene coding for the p2I protein of MMTV described by 
30 Huang et al. Cell 27:245 (1981). 
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A synthetic promoter is a promoter that was chemically synthesized rather 
than biologically derived. Usually synthetic promoters incorporate sequence changes 
that optimize the efficiency of RNA polymerase initiation. 

A constitutive promoter is a promoter that promotes the expression of a gene 
5 product throughout an organism, such as a plant. Examples of constitutive promoters 
include the cauliflower mosaic virus 35S and 19S promoters (for example, 
Poszkowski et al, EMBO J. 3: 2719 (1989); Odell et al. Nature 313:810 (1985)); and 
the maize ubiquitin-1 promoter (for example, U.S. Patent Nos. 5,510,474; 5,614,399; 
6,020,190 and 6,054,574). 

10 A temporally regulated promoter is a promoter where the rate of RNA 

polymerase binding and initiation is modulated at a specific time during development. 
Examples of temporally regulated promoters are given in, for example, Chua et al. 
Science, 244:174-181 (1989). 

A spatially regulated promoter is a promoter where the rate of RNA 

15 polymerase binding and initiation is modulated in a specific structure of the organism 
such as the leaf, stem, seed or root. Examples of spatially regulated promoters are 
given in Chua et al,. Science 244:174-181 (1989). Such tissue-specific or organ- 
specific promoters are well known in the art and include but are not limited to seed- 
specific promoters, organ-primordia specific promoters, stem- specific promoters, leaf 

20 specific promoters, mesophyl-specific promoters (such as the light- inducible Rubisco 
promoters), root-specific promoters, tuber-specific promoters, vascular tissue specific 
promoters, stamen-selective promoters, dehiscence zone specific promoters and the 
Uke. The most preferred promoters for use in the instant invention will be most active 
in seed, ftmi and tuber. 

25 A spatiotemporally regulated promoter is a promoter where the rate of RNA 

polymerase binding and initiation is modulated in a specific structure of the organism 
at a specific time during development. An example of a typical spatio-temporally 
regulated promoter is the EPS? synthase-35S promoter described by Chua et al,. 
Science 244:174-181 (1989). 

30 For this invention, maize endosperm was determined to be the target tissue for 

gene expression, although the present invention is applicable to expression of the 
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selected sIgA throughout the whole plant or in any specific tissue(s) of the plant. 
Gene expression in the maize endosperm ensures accumulation of high levels of the 
target protein and simplifies protein storage, shipment, extraction and purification. In 
one embodiment of the invention, an endospenn-specific promoter is used to drive 
5 expression of the HC and LC of anti-HS V antibodies. 

Expression of seed-specific genes has been studied in great detail (see reviews, 
for example, by Goldberg et aL, Cell 56: 149-160 (1989) and Higgins et aL, Ann. Rev. 
Plant Physiol. 35:191-221 (1984)), Promoter analysis of seed-specific genes is 
reviewed in Goldberg et aL Cell 56: 149-160 (1989) and Thomas, Plant Cell 5: 1401- 
10 1410 (1993). Research indicates that no plant gene is more tightly regulated in terms 
of spatial expression than those encoding seed storage proteins. 

Many seed storage protein genes have been cloned from diverse plant species, 
and their promoters have been analyzed in detail (Thomas, Plant Cell 5: 1401-1410 
(1993)). There are currently numerous examples of seed-specific expression of seed 
15 storage protein genes in transgenic plants. See, for example, b-phaseolin (Sengupta- 
Gopalan et al„ Proc. Natl. Acad, Sci. USA 82:3320-3324 (1985); Hoffman et aL, 
Plant Mol BioL 11, 717-729 (1988)); bean lectin (Voelker et a/., EMBO J. 6: 3571- 
3577 (1987)); soybean lectin (Okamuro et al,. Proc. Natl. Acad. Sci. USA 83:8240- 
8244 (1986)); soybean Kunitz trypsin inhibitor (Perez-Grau et aL, Plant Cell 1:095- 
20 1109 (1989)); soybean b-conglycinin (Beachy et aL, EMBO J. 4:3047-3053 (1985); 
pea vicilin (Higgins etaL, Plant Mol. Biol. 11:683-695 (1988)); pea convicilin 
(Newbigin et al, Planta 180:461-470 (1990)); pea legumin (Shirsat et al., Mol. Gen. 
Genetics 215:326-331 (1989)); rapeseed napin (Radke etaL, Theor. Appl. Genet. 
75:685-694(1988)); maize 18 kD oleosin (Lee et aL, Proc Natl. Acad. Sci. USA 
25 888:6181-6185 (1991)); barley b-hordein (Marris et aL , Plant Mol. Biol. 10:359-366 
(1988); wheat glutenin (Colot et aL, EMBO J. 6:3559-3564 (1987)). For additional 
sources of seed-specific promoters, see, for example, U.S. Patent Nos, 5,623,067; 
6,100,450; 6,177,613; 6,225,529; 6,342,657 and 6,403,371; Knutzon etaL Proc. Natl. 
Acad. Sci. USA 89:2624 (1992); Bustos et aL, EMBO J. 10:1469 (1991), Lam and 
30 Chua, Science 248:471(1991); Stayton et aL, Aust. J. Plant. Physiol, 18:507 (1991), 
each of which is incorporated by reference in its entirety. Moreover, seed-specific 
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promoter genes operably linked to heterologous coding sequences in chimeric gene 
constructs also maintain their temporal and spatial expression pattern in transgenic 
plants. Such examples include use of Arabidopsis titaliana 2S seed storage protein 
gene promoter to express enkephalin peptides in Arabidopsis and B. impus seeds (see, 
5 for example, Vandekerckhove et aU Bio/Technology 7:929-932 (1989)); bean lectin 
and bean b-phaseolin promoters to express luciferase (see, for example, Riggs et al. 
Plant Sci. 63:47-57 (1989)); and wheat glutenin promoters to express 
chloramphenicol acetyl transferase (see, for example, Colot et al, EMBO J. 6:3559- 
3564 (1987)). 

10 

D. Vectors 

As provided elsewhere herein, several embodiments of the present invention 
employ expression units (or expression vectors or systems) to express an exogenously 
supplied nucleic acid sequence in a plant. Methods for generating expression 

15 units/systems/vectors for use in plants are well known in the art and can readily be 
adapted for use in the instant invention. A skilled artisan can readily use any 
appropriate plant/vector/expression system in the present methods following the 
outline provided herein. 

A gamete-specific promoter, a constitutive promoter (such as the CaMV or 

20 Nos promoter), an organ-specific promoter (such as the E8 promoter from tomato) or 
an inducible promoter is typically ligated to the protein or antisense encoding region 
using standard techniques known in the art. The expression unit may be further 
optimized by employing supplemental elements such as transcription terminators 
and/or enhancer elements. 

25 The expression control elements used to regulate the expression of the protein 

can either be the expression control element that is normally found associated with the 
coding sequence (homologous expression element) or can be a heterologous 
expression control element. A variety of homologous and heterologous expression 
control elements are known in the art and can readily be used to make expression 

30 units for use in the present invention. 
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Transcription initiation regions, for example, can include any of the various 
opine initiation regions, such as octopine, mannopine, nopaline and the like that are 
found in the Ti plasmids of Agrobacterium tianefacians. 

Plant viral promoters can also be used, such as, for example, the cauliflower 
5 mosaic virus 35S (CaMV 35S) promoter, to control gene expression in a plant. 

Plant promoters such as prolifera promoter, fruit-specific promoters, Ap3 
promoter, heat shock promoters, seed-specific promoters, etc. can also be used. The 
most preferred promoters for use in the instant invention will be most active in seed, 
fruit and tuber. 

10 Thus, for expression in plants, the expression units will typically contain, in 

addition to the protein sequence, a plant promoter region, a transcription initiation site 
and a transcription termination sequence. Unique restriction enzyme sites at the 5' 
and 3' ends of the expression unit are typically included to allow for easy insertion 
into a preexisting vector. 
15 In the construction of heterologous promoter/structural gene or antisense 

combinations, the promoter is preferably positioned about the same distance from the 
heterologous transcription start site as it is from the transcription start site in its 
natural setting. As is known in the art, however, some variation in this distance can 
be accommodated without loss of promoter function. 
20 In addition to a promoter sequence, the expression cassette can also contain a 

transcription termination region downstream of the structural gene to provide for 
efficient termination. The termination region may be obtained from die same gene as 
the promoter sequence or may be obtained from different genes. If the mRNA 
encoded by the structural gene is to be efficiently processed, DNA sequences which 
25 direct polyadenylation of the RNA are also commonly added to the vector construct. 
Polyadenylation sequences include, but are not limited to the Agrobactenum octopine 
synthase signal (Gielen et al., EMBO J 3:835-846 (1984)) or the nopaline synthase 
signal (Depicker et al., Mol. and Appl. Genet. 1:561-573 (1982)). 

The resulting expression unit is ligated into or otherwise constructed to be 
30 included in a vector that is appropriate for higher plant transformation. The vector 
will also typically contain a selectable marker gene by which transformed plant cells 
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can be identified in culture. Antibiotic resistance markers could be used. These 
markers include, but are not limited to, resistance to G41S, hygromycin, bleomycin, 
kanamycin, and gentamicin. More preferably, herbicide resistance markers are 
utilized. See, for example, U.S. Patent Nos. 5,879,903; 5,637,489 and 5,276,268 for 
5 phosphinothricin (PTC)-resistance to phosphinothricyl-alanyl-alanine (PTT). Also 
see, for example, US. Patent Nos. 5.767,361; 5,928,937 and 6,444,875 for 
acetohydroxy acid synthase (AHAS) resistant to imidazolinone herbicides. After 
transforming the plant cells, those cells having the vector will be identified by their 
ability to grow on a medium containing the particular antibiotic. Replication 

10 sequences, of bacterial or viral origin, are generally also included, but are not limited 
to, to allow the vector to be cloned in a bacterial or phage host, preferably a broad 
host range prokaryotic origin of replication is included. A selectable marker for 
bacteria should also be included, to allow selection of bacterial cells bearing the 
desired construct. Suitable prokaryotic selectable markers also include, but are not 

15 limited to, resistance to antibiotics such as ampicillin, kanamycin or tetracycline. 

Other DNA sequences encoding additional functions may also be present in 
the vector, as is known in the art. For instance, in the case of Agrobacteriiim 
transformations, T-DNA sequences will also be included for subsequent transfer to 
plant chromosomes. 

20 The sequences of the present invention can also be fused to various other 

nucleic acid molecules such as Expressed Sequence Tags (ESTs), epitopes or 
fluorescent protein markers. 

ESTs are gene fragments, typically 300 to 400 nucleotides in length, 
sequenced from the 3* or 5' end of complementary-DNA (cDNA) clones. Nearly 

25 30,000 Arabidopsis thaliana ESTs have been produced by a French and an American 
consortium (Delseny et al, FEES Lett. 405(2): 129- 132 (1997); Arabidopsis ihziidxvsi 
Database, http://genome.www.stanfordedu/Arabidopsis). For a discussion of the 
analysis of gene-expression patterns derived from large EST databases, see, e.g., M. 
R. Fannon, TIBTECH 14:294-298 (1996). 

30 Biologically compatible fluorescent protein probes, particularly the self- 

assembling green fluorescent protein (GFP) from the jellyfish Aequorea victoria, have 
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revolutionized research in cell, molecular and developmental biology because they 
allow visualization of biochemical events in living ceils (see, for example. Murphy et 
al., Curr. Biol. 7(ll):870-876 (1997); Grebenok Plant J. ll(3):573-586 (1997); 
Chiu et al., Curr. Biol. 6(3):325-330 (1996); and. Plautz etal.. Gene 173(l):83-87 
(1996); and. Sheen et al.. Plant J. 8(5):777-784 (1995)). 

Site-directed mutagenesis has been used to develop a more soluble version of 
the codon-modified GFP called soluble-modified GFP (smGlE^P). When introduced 
intoArabidopsis, greater fluorescence was observed when compared to the codon- 
modified GFP, implying that smGFP is -brighter' because more of it is present in a 
soluble and functional form (Davis etal. Plant Mol. Biol. 36(4):521-528 (1998)). By 
fusing genes encoding GFP and beta-glucuronidase (GUS). researchers were able to 
create a set of bifunctional reporter constructs which are optimized for use in transient 
and stable expression systems in plants, mclviAmgArabidopsis. See, for example, 
Quaedvliegef a/.. Plant Mol. Biol. 37(4);715-727 (1998). 

Berger et al. (Dev. Biol. 194(2):226-234 (1998)) report the isolation of a GFP 
marker line for Arabidopsis hypocotyl epidermal cells. GFP-fusion proteins have 
been used to localize and characterize a number of Arabidopsis genes, including 
geranylgeranyl pyrophosphate (GGPP) (Zhu etal.. Plant Mol. Biol. 35(3):331-34l 
(1997)). 



E. Disabling Genes 

It may be desirable to disable certain plant genes to gain the expression of the 
transgene and/or to obtain the desired protein produced as a result of the expression of 
the transgene. For example, in the instant invention, it may be desirable to disable 
certain enzymes that are native to the transgenic plant, for example one or more 
specific plant transferases. Methods of disabling genes are well known to Uiose of 
ordinary skill in the art. 

For example, an effective disabling modification is the introduction of a single 
nucleotide deletion occurring at the beginning of a gene that would produce a 
translational reading frameshift. Such a frameshift would disable the gene, resulting 
in non-expressible gene product and thereby dismpting functional protein production 
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by that gene. If the unmodified gene encodes a protease, for example, protease 
production by the gene could be disrupted if the regulatory regions or the coding 
regions of the protease gene are disrupted. 

In addition to disabling genes by deleting nucleotides, causing a transitional 
5 reading frameshift, disabling modifications would also be possible by other 

techniques well known to those of ordinary skill, including insertions, substitutions, 
inversions or transversions of nucleotides within the gene's DNA that would 
effectively prevent the formation of the protein encoded by the DNA. 

It is also within the capabilities of one skilled in the art to disable genes by the 

10 use of less specific methods. Examples of less specific methods would be the use of 
chemical mutagens such as hydroxylamine or nitrosoguanidine or the use of radiation 
mutagens such as gamma radiation or ultraviolet radiation to randomly mutate genes. 
Such mutated strains could, by chance, contain disabled genes such that the genes 
were no longer capable of producing functional proteins for any one or more of the 

15 domains. The presence of the desired disabled genes could be detected by routine 
screening techniques. For further guidance, see, for example, U.S. Patent No. 
5,759,538. 

F. Antisense Encoding Vectors 

20 As discussed above, it may be desirable to inhibit the expression of certain 

native plant genes, such as specific plant transferases, in order to obtain expression of 
the transgene and/or to obtain the desired protein coded by the transgene. Methods 
for inhibiting expression in plants using antisense constructs, including generation of 
antisense sequences in situ are well known to those of ordinary skill in the art and are 

25 described, for example, in U.S. Patents 5,107,065; 5,254,800; 5,356,799; 5,728,926; 
and 6,184,439. 

Other methods that can be used to inhibit expression of an endogenous gene in 
a plant may also be used in the present methods. For example, formation of a triple 
helix at an essential region of a duplex gene serves this purpose. The triplex code, 
30 peimitting design of the proper single stranded participant is also known in the art. 
(See, for example, H. E. Moser et al. Science 238:645-650 (1987) and M. Cooney et 
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aL, Science 241:456-459 (1988)). Regions in the control sequences containing 
stretches of purine bases are particularly attractive targets. Triple helix formation 
along with photocrosslinking is described, e.g., in D. Praseuth et aL, Proc. Nat'l Acad. 
Sci. USA 85:1349-1353 (1988). 

5 

G. Transformation 

To introduce a desired gene or set of genes by conventional methods requires 
a sexual cross between two lines, and then repeated back-crossing between hybrid 
offspring and one of the parents until a plant with the desired characteristics is 
10 obtained. This process, however, is restricted to plants that can sexually hybridize, 
and genes in addition to the desired gene will be transferred. 

Recombinant DNA techniques allow plant researchers to circumvent these 
limitations by enabling plant geneticists to identify and clone specific genes for 
desirable traits, such as resistance to an insect pest, and to introduce these genes into 
15 already useful varieties of plants. Once the foreign genes have been introduced into a 
plant, that plant can then be used in conventional plant breeding schemes (e,g., 
pedigree breeding, single-seed-descent breeding schemes, reciprocal recurrent 
selection) to produce progeny which also contain the gene of interest. 

Genes can be introduced in a site directed fashion using homologous 
20 recombination. Homologous recombination permits site-specific modifications in 
endogenous genes and thus inherited or acquired mutations may be corrected, and/or 
novel alterations may be engineered into the genome. Homologous recombination 
and site-directed integration in plants are discussed in, for example, U.S. Patent Nos. 
5,451,513; 5,501,967 and 5,527,695. 
25 Methods of producing transgenic plants are well known to those of ordinary 

skill in the art. Transgenic plants can now be produced by a variety of different 
transformation methods including, but not limited to, electroporation; microinjection; 
microprojectile bombardment, also known as particle acceleration or biolistic 
bombardment; viral-mediated transformation; and Agrobacterium-mediated 
30 transformation. See, for example, U.S. Patent Nos. 5,405,765; 5,472,869; 5,538,877; 
5,538,880; 5,550,318; 5,641,664; 5,736,369 and 5,736369; Watson etaL, 
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Recombinant DNA, Scientific American Books (1992); Hinchee et al, Bio/Tech. 
6:915-922 (1988); McCabe et al, Bio/Tech. 6:923-926 (1988); Toriyama et aZ., 
Bio/Tech, 6:1072-1074 (1988); Fromm et aL, Bio/Tech. 8:833-839 (1990); MuUins et 
al, Bio/Tech. 8:833-839 (1990); Hiei et a/.. Plant Molecular Biology 35:205-218 
5 (1997); Ishida et al. Nature Biotechnology 14:745-750 (1996); Zhang et a/„ 

Molecular Biotechnology 8:223-231 (1997); Ku era/., Nature Biotechnology 17:76- 
80 (1999); and, Raineri et al, Bio/Tech. 8:33-38 (1990)), each of which is expressly 
incorporated herein by reference in their entirety. 

Agrobacterium tiimefaciens is a naturally occurring bacterium that is capable 

10 of inserting its DNA (genetic information) into plants, resulting in a type of injury to 
the plant known as crown gall. Most species of plants can now be transformed using 
this method, including alfalfa. See, for example, Wang et al, Australian Journal of 
Plant Physiology 23(3): 265-270 (1996); Hoffman et al. Molecular Plant-Microbe 
Interactions 10(3): 307-315 (1997); and, Trieu et al. Plant Cell Reports 16:6-11 

15 (1996). 

Microprojectile bombardment is also known as particle acceleration, biolistic 
bombardment, and the gene gun (Biolistic® Gene Gun), The gene gun is used to 
shoot pellets that are coated with genes (e.g., for desired traits) into plant seeds or 
plant tissues in order to get the plant cells to then express the new genes. The gene 

20 gun uses an actual explosive (.22 caliber blank) to propel the material. Compressed 
air or steam may also be used as the propellant. The Biolistic® Gene Gun was 
invented in 1983-1984 at Cornell University by John Sanford, Edward Wolf, and 
Nelson Allen. It and its registered trademark arc now owned by R 1. du Pont de 
Nemours and Company. Most species of plants have been transformed using this 

25 method, including alfalfa (U.S. Patent No. 5,324,646) and clover (Voisey et al, 

Biocontrol Science and Technology 4(4): 475-481 (1994); Quesbenberry et al,. Crop 
Science 36(4): 1045-1048 (1996); Khan et al. Plant Physiology 105(1): 81-88 (1994); 
and, Voisey et aL Plant Cell Reports 13(6): 309-314 (1994)). 

Developed by ICI Seeds Inc. (Garst Seed Company) in 1993, WfflSKERS'^ 

30 is an alternative to other methods of inserting DNA into plant cells (e,g,, the 

Biolistic® Gene Gun, Agrobacterium tiimefaciens, the "Shotgun" Method, etc.); and it 
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consists of needle-like crystals ("whiskers") of silicon carbide. The fibers are placed 
into a container along with the plant cells, then mixed at high speed, which causes the 
crystals to pierce the plant cell walls with microscopic "holes" (passages). Then the 
new DNA (gene) is added, which causes the DNA to flow into the plant cells. The 
5 plant cells then incorporate the new gene(s); and thus they have been genetically 
engineered. 

The essence of the WfflSKERS™ technology is the small needle-like 
silicon carbide "whisker" (0.6 microns in diameter and 5-80 microns in length) which 
is used in the following manner. A container holding a "transformation cocktail" 
10 composed of DNA (e.g., agronomic gene plus a selectable marker gene), embryogenic 
com tissue, and silicon carbide "whiskers" is mixed or shaken in a robust fashion on 
either a dental amalgam mixer or a paint shaker. The subsequent collisions between 
embryogenic com cells and the sharp silicon carbide "whiskers" result in the creation 
of small holes in the plant cell wall through which DNA (the agronomic gene) is 
15 presumed to enter the cell. Those cells receiving and incorporating a new gene are 
then induced to grow and ultimately develop into fertile transgenic plants. 

Silicon carbide "whisker" transformation has now produced stable transformed 
calli and/or plants in a variety of plants species such as Zea mays. See, for example, 
U.S. Patent Nos. 5,302,523 and 5,464,765, each of which is incorporated herein by 
20 reference in their entirety; Frame et al. The Plant Journal 6: 941-948 (1994); 

Kaeppler et al. Plant Cell Reports 9:415-418 (1990); Kaeppler et al. Theoretical and 
Applied Genetics 84:560-566 (1992); PetoUno et al.. Plant Cell Reports 19(8):781- 
786 (2000); Thompson et al, Euphytica 85:75-80 (1995); Wang et al. In Vitro 
Cellular and Developmental Biology 31:101-104 (1995); Song et al. Plant Cell 
25 Reporter 20:948-954 (2002); Petolino et al. Molecular Methods of Plant Analysis, fa 
Genetic Transformation of Plants, Vol, 23, pp, 147-158, Springer- Verlag, Berlin 
(2003). Other examples include Lolium multiflonim, Lolitim perenne, Festuca 
arundinacea, Agrostis stolonifera (Dalton etal,. Plant Science 132:31-43 (1997)), 
Oryza sativa (Nagatani etal. Biotechnology Techniques 11:471-473 (1997)), and 
30 Triticum aestivum and Nicotiana tobacum (Kaeppler et al. Theoretical and Applied 
Genetics 84:560-566 (1992)). Even Chlamydomonas (see, for example, Dunahay, 
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T.G., Biotechniques 15:452-460 (1993)) can be transformed with a "whiskers" 
approach. As it is currently practiced on higher plants, the "whisker" system is one of 
the least complex ways to transform some plant cells. 

Genes successfully introduced into plants using recombinant DNA 

5 methodologies include, but are not limited to, those coding for the following traits: 
seed storage proteins, including modified 7S legume seed storage proteins (see, for 
example, U.S. Patent Nos. 5,508,468, 5,559,223 and 5,576.203); herbicide tolerance 
or resistance (see, for example, De Greef et al., Bio/Technology 7:61 (1989); U.S. 
Pat. No. 4,940,835; U.S. Pat. No. 4,769,061; U.S. Pat. No. 4,975,374; Marshall et 

3 a/.(1992) Theor. Appl. Genet, 83, 435; U.S. Pat. No. 5,489,520; U.S. Patent No, 
5,498,544; U.S. Patent No. 5,554,798; Powell et al. Science 232:738-743 (1986); 
Kaniewski et aU. Bio/Tech. 8:750-754 (1990)); Day et al.. Proc. Nad. Acad. Sci. USA 
88:6721-6725 (1991)); phytase (see, for example, U.S. Patent No. 5,593,963); 
resistance to bacterial, fungal, nematode and insect pests, including resistance to the 

5 lepidoptera insects conferred by the Bt gene (see, for example, U.S. Patent Nos. 
5,597,945 and 5,597,946; Johnson et aU Proc. Natl. Acad. Sci. USA, 86:9871-9875 
(1989); Perlak et aL Bio/Tech. 8:939-943 (1990)); lectins (U.S. Patent No. 
5,276,269); flower color (Meyer et al. Nature 330:677-678 (1987); Napoli et aU 
Plant Cell 2:279-289 (1990); van der Krol et al. Plant Cell 2:291-299 (1990)); Bt 

0 genes (Voisey et al, supra); neomycin phosphotransferase U (Quesbenberry et a/., 
supra); the pea lectin gene piaz et aL, Plant Physiology 109(4): 1 167-1177 (1995); 
Eijsden et aL, Plant Molecular Biology 29(3):43 1-439 (1995)); the auxin-responsive 
promoter GH3 (Larkin etal.. Transgenic Research 5(5):325-335 (1996)); seed 
albumin gene from sunflowers (Khan etal. Transgenic Research 5(3): 179-185 

5 (1996)); and genes encoding the enzymes phosphinothricin acetyl transferase, beta- 
glucuronidase (GUS) coding for resistance to the Basta® herbicide, neomycin 
phosphotransferase, and an alpha-amylase inhibitor (Khan et al, supra), each of 
which is expressly incorporated herein by reference in their entirety. 

For certain purposes, different antibiotic or herbicide selection markers may 

0 be preferred. Selection markers used routinely in transformation include the nptll 
gene which confers resistance to kanamycin and related antibiotics (see, for example. 
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Messing & Vierxa, Gene 19: 259-268 (1982); Bevan etaL, Nature 304:184-187 
(1983)), the bar gene which confers resistance to the herbicide phosphinothricin 
(White et aL, Nucl Acids Res 18: 1062 (1990), Spencer et al, Theor Appl Genet 79: 
625-631(1990)), and the dhfr gene, which confers resistance to methotrexate 
5 (Bourouis et al, EMBO J. 2(7): 1099-1 104 (1983)). 

Transgenic alfalfa plants have been produced using a number of different 
genes isolated from both alfalfa and non-alfalfa species including, but not limited to, 
the following: the promoter of an early nodulin gene fused to the reporter gene gusA 
(Bauer et al. The Plant Journal 10(1):91-105 (1996)); the early nodulin gene (Charon 

10 et al, Proc. Natl. Acad of Sci. USA 94(16):8901-8906 (1997); Bauer et al. 
Molecular Plant-Microbe Interactions 10(l):39-49 (1997)); NADH-dependent 
glutamate synthase (Gantt, The Plant Journal 8(3):345-358 (1995)); promoter-gusA 
fusions for each of three lectin genes (Bauchrowitz et al. The Plant Journal 9(1):31- 
43 (1996)); the luciferase enzyme of the marine soft coral Renilla reniforms fused to 

15 the CaMV promoter (Mayerhofer etal. The Plant Journal 7(6):1031-1038 (1995)); 
Mn-superoxide dismutase cDNA (McKersie et al. Plant Physiology 1 11(4): 1177- 
1181 (1996)); synthetic crylC genes encoding 2l Bacillus thuringiensis delta-endotoxin 
(Strizhov etal, Proc. Natl. Acad. Sci. USA 93(26): 15012-15017 (1996)); glucanse 
(Dixon et al. Gene 179(1):61-71 (1996); and leaf senescence gene (U.S. Patent No. 
20 5,689,042). 

Genetic transformation has also been reported in numerous forage and 
turf grass species (Conger B.V., Genetic Transformation of Forage Grasses in 
Molecular and Cellular Technologies for Forage Improvement, CSS A Special 
Publication No. 26, Crop Science Society of America, Inc. RC. Brunmier et al Eds. 

25 1998, pages 49-58). These include, but are not limited to, orchardgrass {Dactylis 
glomerata L.), tall fescue (Festuca anindinacea Schreb.) red fescue (Festuca rubra 
L.), meadow fescue {Festuca pratensis Huds.) perennial ryegrass (Lolium peremie L.) 
creeping bentgrass (Agrostis palustris Huds.) and redtop (Agrostis alba L.). 

Transgenic plants have been utilized for the molecular farming ("pharming") 

30 of industrial proteins. For example, recombinant egg white avidin and bacterial B- 
glucuronidase (GUS) from transgenic maize have been commercially produced, with 



wo 2004/050838 



64 



PCT/US2003/037905 



high levels of expression being obtained in seed by employing the ubiquitin promoter 
from maize (Hood et al, Adv Exp Med Biol 464:127-147 (1999)). 

H. Hemizygosity 

5 A transgenic plant formed using Agrobacterium transformation methods 

typically contains a single gene on one chromosome, although multiple copies are 
possible. Such transgenic plants can be referred to as being hemizygous for the added 
gene. A more accurate name for such a plant is an independent segregant, because 
each transfonned plant represents a unique T-DNA integration event (see, for 

10 example, U.S. Patent No. 6,156,953). A transgene locus is generally characterized by 
the presence and/or absence of the transgene. A heterozygous genotype in which one 
allele corresponds to the absence of the transgene is also designated hemizygous (see, 
for example, U.S. Patent No. 6,008,437). 

Assuming nonnal hemizygosity, selfing will result in maximum genotypic 

15 segregation in the first selfed recombinant generation, also known as the Rl or Ri 
generation. The Ri generation is produced by selfing the original recombinant line, 
also known as the RO or Ro generation. Because each insert acts as a dominant allele, 
in the absence of linkage and assuming only one hemizygous insert is required for 
tolerance expression, one insert would segregate 3: 1, two inserts, 15:1, three inserts, 

20 63: 1, etc. Therefore, relatively few Ri plants need to be grown to find at least one 
resistance phenotype (see, for example, U.S. Patent Nos. 5,436,175 and 5,776,760). 

As mentioned above, self-pollination of a hemizygous transgenic regenerated 
plant should produce progeny equivalent to an F2 in which approximately 25% should 
be homozygous transgenic plants. Self-pollination and testcrossing of the F2 progeny 

25 to non-transfonned control plants can be used to identify homozygous transgenic 
plants and to maintain the line. If the progeny initially obtained for a regenerated 
plant were from cross pollination, then identification of homozygous transgenic plants 
will require an additional generation of self-pollination (see, for example, U.S. Patent 
5,545,545). 
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I. Breeding Methods 

Open-Pollinated Populations. The improvement of open-pollinated 
populations of such crops as rye, many maizes and sugar beets, herbage grasses, 
legumes such as alfalfa and clover, and tropical tree crops such as cacao, coconuts, oil 
5 palm and some rubber, depends essentially upon changing gene-frequencies towards 
fixation of favorable alleles while maintaining a high (but far from maximal) degree 
of heterozygosity. Uniformity in such populations is impossible and trueness-to-type 
in an open-pollinated variety is a statistical feature of the population as a whole, not a 
characteristic of individual plants. Thus, the heterogeneity of open-pollinated 
10 populations contrasts with the homogeneity (or virtually so) of inbred lines, clones 
and hybrids. 

Population improvement methods fall naturally into two groups, those based 
on purely phenotypic selection, normally called mass selection, and those based on 
selection with progeny testing. Interpopulation improvement utilizes the concept of 
15 open breeding populations; allowing genes for flow from one population to another. 
Plants in one population (cultivar, strain, ecotype, or any germplasm source) are 
crossed either naturally (e.g„ by wind) or by hand or by bees (concunonly Apis 
mellifera L. or Megachile rotundata F.) with plants from other populations. Selection 
is applied to improve one (or sometimes both) population(s) by isolating plants with 

20 desirable traits from both sources. 

There are basically two primary methods of open-pollinated population 
improvement. First, there is the situation in which a population is changed en inasse 
by a chosen selection procedure. The outcome is an improved population that is 
indefinitely propagable by random-mating within itself in isolation. Second, the 

25 synthetic variety attains the same end result as population improvement but is not 
itself propagable as such; it has to be reconstructed from parental lines or clones. 
These plant breeding procedures for improving open-pollinated populations are well 
known to those skilled in the art and comprehensive reviews of breeding procedures 
routinely used for improving cross-pollinated plants are provided in numerous texts 

30 and articles, including but not limited to: AUard, Principles of Plant Breeding, John 
. Wiley & Sons, Inc. (1960); Simmonds, Principles of Crop Improvement, Longman 
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Group Liinited (1979); Hallauer and Miranda, Quantitative Genetics in Maize 
Breeding, Iowa State University Press (1981); and, Jensen, Plant Breeding 
Methodology, John Wiley & Sons, Inc. (1988). 

Mass Selection. In mass selection, desirable individual plants are chosen, 
5 harvested, and the seed composited without progeny testing to produce the following 
generation. Since selection is based on the maternal parent only, and there is no 
control over pollination, mass selection amounts to a form of random mating with 
selection. As stated above, the purpose of mass selection is to increase the proportion 
of superior genotypes in the population. 

10 Svnthetics. A synthetic variety is produced by crossing inter se a number of 

genotypes selected for good combining ability in all possible hybrid combinations, 
with subsequent maintenance of the variety by open pollination. Whether parents are 
(more or less inbred) seed-propagated lines, as in some sugar beet and beans (Vicia) 
or clones, as in herbage grasses, clovers and alfalfa, makes no difference in principle. 

15 Parents are selected on general combining ability, sometimes by test crosses or 

topcrosses, more generally by polycrosses. Parental seed lines may be deliberately 
inbred (e.g. by selfing or sib crossing). However, even if the parents are not 
deliberately inbred, selection within lines during line maintenance will ensure that 
some inbreeding occurs. Clonal parents will, of course, remain unchanged and highly 

20 heterozygous. 

Whether a synthetic can go straight from the parental seed production plot to 
the farmer or must first undergo one or two cycles of multiplication depends on seed 
production and the scale of demand for seed. In practice, grasses and clovers are 
generally multiplied once or twice and are thus considerably removed from the 

25 original synthetic. 

While mass selection is sometimes used, progeny testing is generally preferred 
for polycrosses, because of their operational simplicity and obvious relevance to the 
objective, namely exploitation of general combining ability in a synthetic. 

The number of parental lines or clones that enter a synthetic vary widely. In 

30 practice, numbers of parental lines range from 10 to several hundred, with 100-200 
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being the average. Broad based synthetics formed from 100 or more clones would be 
expected to be more stable during seed multiplication than narrow based synthetics. 

Hybrids. A hybrid is an individual plant resulting from a cross between 
parents of differing genotypes. Conmiercial hybrids are now used extensively in 
5 many crops, including com (maize), sorghum, sugarbeet, sunflower and broccoli. 
Hybrids can be formed in a number of different ways, including by crossing two 
parents directly (single cross hybrids), by crossing a single cross hybrid with another 
parent (three-way or triple cross hybrids), or by crossing two different hybrids (four- 
way or double cross hybrids). 

10 Stiictly speaking, most individual plants in an out breeding (Le., open- 

pollinated) population are hybrids, but the term is usually reserved for cases in which 
the paients are individuals whose genomes are sufficiently distinct for them to be 
recognized as different species or subspecies. Hybrids may be fertile or sterile 
depending on qualitative and/or quantitative differences in the genomes of the two 

15 parents. Heterosis, or hybrid vigor, is usually associated with increased 

heterozygosity that results in increased vigor of growth, survival, and fertility of 
hybrids as compared with the parental lines that were used to form the hybrid. 
Maximum heterosis is usually achieved by crossing two genetically different, highly 
inbred lines. 

20 The production of hybrids is a well-developed industry, involving the isolated 

production of both the parental lines and the hybrids which result from crossing those 
lines. For a detailed discussion of the hybrid production process, see, for example, 
Wright, H., Commercial Hybrid Seed Production, volume 8, pages 161-176, In 
Hybridization of Crop Plants, supra. 

25 

EXAMPLES 

I. Examples for the Production of IgA in Plants 

Two basic strategies were employed to produce anti-HS V monomeric IgA in 

30 maize: 

constitutive expression of IgA; and 
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endosperm-specific expression of IgA. 

Experiments also compared the efficacy of expression of the heavy chain 
("HC") and light chain ("LC") on a single plasmid versus HC and LC on two separate 
plasmids. 

5 

Example !• Construction of ubiquitin/HC, LC Plasmids 

Constitutive expression of anti-HSV antibody genes was chosen so as to 
enable the rapid analysis of protein production on callus tissue. More specifically, 
maize ubiquitin-1 promoter-driven HSV heavy chain HC and LC plasmid 
10 constructions and transgenic events were made to demonstrate correct assembly and 
accumulation of heavy chain and light chain genes from certain plasmid 
configurations. 

Maize ubiquitin-1 (*ubi') is described, for example, in U.S. Patent Nos: 
5,510,474; 5,614,399; 6,020,190; and 6,054,574, each of which is herein incorporated 
15 in its entirety. MAR (matrix association region) is described in U.S. Patent Nos: 

5,773,689 and 6,239,328, each of which is herein incorporated in its entirety. Maize 
per5 UTR is described in U.S. Patent No. 6,384,207, which is herein incorporated in 
its entirety. The genes used in this experiment were not rebuilt for plant codon-bias, 
and they contain the barley alpha-amylase leader sequence for tar geting protein to the 
20 endoplasmic reticulum. 

The following vectors were assembled: 

pDAB635 (MAR::ubi/HC/per5::MAR) (Figure 1; SEQ ID NO: 15); 
pDAB636 (MAR::ubi/LC/per5::MAR) (Figure 2; SEQ ID NO: 16); and 
pDAB637 (MAR::ubi/HC/per5::ubi/LC/per5::MAR) (Figure 3; SEQ ID NO: 

25 17). 

The antibody genes were liberated from source vectors on Ncol-Hpal 
fragments and cloned into Ncol-Pmel sites of vector pDAB4005, between the maize 
ubiquitin promoter and the maize per5 3' UTR, replacing the GUS coding region. 
The entire ubi promoter/antibody gene/per5 cassette was then liberated on a NotI 
30 fragment and inserted into the NotI site of the inverse MAR vector 252-4. Plasmid 
pDAB637 was constructed by liberating the ubi/HC/per5 cassette on a NotI fragment 
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from an intennediate vector, and blunt ending the fragment with T4 polymerase for 
insertion into a unique Srf I site in pDAB636, All three plasnfiids were buUced up in 
preparation for maize transfoimation with pDAB3014, which contains the selectable 
marker cassette rice actinypat/lipase. 

5 

Example 2. Alternative Methods of Delivering Multiple Plasmids 

Because of the extreme differences in the size between the PAT piasmid 
(pDAB3014) and the antibody plasmids, there was concern that the use of equal mass 
amounts of DNA for co-transfonnation would result in inefficient delivery of each of 
10 the plasmids into the maize cells. In an effort to evaluate certain parameters for the 
delivery of multiple plasmids into maize cells, the use of molar equivalent amounts of 
DNA was compared to the use of mass equivalent amounts of DNA to determine if 
there is any effect on the efficiency at which the cells receive all of the necessai^y 
plasmids. 

15 A total of 106 events were available for PGR and 10 events that were analyzed 

to be positive were regenerated. 

Analysis of the transgenic callus events transformed with the ubiquitin/HC, 
LC plasmids was performed in two stages: 1) PGR identification of those events fliat 
contained intact genes of interest; and 2) Western and ELISA analysis of PGR 

20 positive events for protein expression and IgA assembly. Figure 4 shows a native 
Western blot using the IgA kappa chain as the detection antibody to detect protein 
expression from ubiquitin HSV-IgA (HG/LC) monomeric antibody produced by 
transgenic maize calli. 

PGR identification of intact FTUs (plant transcription units:promoter/coding 

25 region/3* UTR) was particularly challenging because of the repeated regulatory 

elements contained within the three plasmids and the resultant difficulty of designing 
primers that would specifically and accurately amplify the desired PTU. Several 
amplification strategies, PGR systems and amplification conditions were tested 
including eight different primers sets. It was determined that both the HG PTU 

30 (ubi/HC/per5) and the LG PTU (ubi/LG/per5) could be amplified with a single set of 
primers in a single PGR reaction. By taking advantage of several base pairs that were 
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different in the regions flanking HC and LC, a second and third set of primers was 
also found that could recognize and specifically amplify the HC or LC PTU 
separately. 

A total of 53 transgenic calli derived from the two-way transformation 
5 (pDAB637 (SEQ ID NO: 17) and pDAB3014 (SEQ ID NO: 84)) and 23 transgenic 
calli derived from the three-way transformation (pDAB635 (SEQ ID NO: 15) and 
pDAB3014 (SEQ ID NO: 84)) were PGR analyzed to detect the presence of PTUs for 
the transgene. The strategy to amplify both HC and LC in a single PCR reaction was 
employed. Among the callus lines derived from 2-way, 79% were PCR positive, 
10 while 78% of callus Unes derived from 3-way were PCR positive. To verify the 
results from the first amplification strategy, a subset of 16 samples were analyzed 
using the alternative strategy, which could amplify the PTU of HC and LC sepaiately. 
The results were consistent with the first PCR analysis in which HC and LC PTU 
were detected in the same PCR reaction. TTiese 16 subset samples were further 
1 5 anal yzed witii primers to amplify only the coding region of HC and LC. Although the 
amplification was successful, the result was not an exact match with the PTU 
analysis. This difference can be a result of fragmented PTUs, which would be 
detected by the coding-region-specific primers but not the PTU-specific primers. 
Callus events that were both PTU positive and negative underwent Western and 
20 ELISA analysis. 

Protein analysis data was generated using events from the ubiquitin/HC, LC 
transformations that are described above. The goal of the experiment was to compare 
the efficacy of expression of the HC and LC on a single plasmid versus HC and LC 
on two separate plasmids. Callus material was collected and frozen at -70°C before 
25 shipment for protein analysis. An initial screen of the events was performed with a 
c^ture ELISA assay using an IgA heavy chain capture antibody and an IgA kappa 
chain detection antibody. Only ELBA positive samples were evaluated with a Native 
Western Blot, also using the IgA kappa chain as the detection antibody. 

Of the 54 events screened by ELBA, 26 were positive (Table 1). All of these 
30 26 positive samples produced assembled IgA monomers with an approximate mole 
wei'^ht of 160,000 kd. Eighteen of the events also include some non-assembled IgA. 
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Both of the transformation methods, two-plasmid and three-plasmid, produced 
assembled IgA with the 3-way strategy producing 60% positives and the two-way 
strategy producing 38% positives. The difference in the frequency of expressing lines 
is not believed to be a function of the plasmid configuration, but rather a result of the 
5 small data set submitted for analysis. 
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Table 1. Protein and PCR Results for the Ubi/HC, LC Events. 







Protein Analysis 
Results 


PCRResu 


Its 




HTra n<sf Arvnatio 
n 


ELKA O.D. 

Western 


PCR: 
H 


PCR: L 


180/300(3)- 

r\(\A 
UUO 


H+L same 


(J.5Z7 


A/JN 


+ 


+ 


180/300(4). 

f\(\Q. 


H-hL same 


0,41 


A /KT 
A/JN 


- 


+ 


21 


H,L two 


1.4 


A /M 
A/IN 


+ 




24 


H,L two 


1.5 


A /M 
A/ IS 


N.T. 


N.T. 


25 


H,Ltwo 

nlfismids 




A 


N.T. 


N.T. 


28 


H,L two 




A 


N.T. 


N.T. 


29 


H,L two 
nlasmids 




A/N 


+ 


+ 


37 


H,Ltwo 

plasmids 




A 


+ 


- 


38 


H,L two 
plasmids 


U.J> 


A/N 


+ 




39 


H,L two 
plasmids 


VJ.'rlO 


A/N 


+ 


+ 


41 


H,L two 
plasmids 




A/N 


+ 


+ 


42 


H,L two 
plasmids 


0.309 


Am 


N.T. 


N.T. 


43 


H,L two 
plasmids 


1.5 


Am 


N.T. 


N.T. 


44 


H,L two 
plasmids 


0.332 


A 


N.T. 


N.T. 


TS2 


H+L same 
plasmid 


0.562 


A 




+ 


TS6 


H+L same 
plasmid 


0.436 


Am 


+ 


+ 


TS9 


H+L same 
plasmid 


0.345 


A 


+ 


+ 


TSU 


H+L same 
plasmid 


2.221 


Am 


+ 


+ 


TS12 


H+L same 
plasmid 


4 


Am 


+ 


+ 
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Protein Analysis, 
Results 


PCRlJesults 


Sample 


Transforniatio 
n 

Strategy 


ELISA O.D. 

Western 


PGR: 
H 


PGR: L 


TSIQ 


XlTl^ dame 

plasmid 


4 


A/N 


+ 


+ 




tirrL^ Some 

plasmid 


0.348 


ATN 




+ 


X. Oj^iD 


xi+i-. saine 
plasmid 


0.393 


A 




+ 


1 oz / 


Jti+i-. same 
plasmid 


0.351 


A/N 




+ 


1 OJU 


ri+jL same 
plasmid 


0.695 


A 


+ 






xi+i-» same 
plasmid 


1.087 


A/N 


+ 




TS34 


H+L same 
plasmid 


4 


A/N 






151 


non- 

transfomied 










630-307 


GUS 

transformed 










H = HC 
L = LC 

N.T. = not tested 
N= non-assembied IgA 
1 A= assembled IgA 



These experiments demonstrate that there is no significant difference in 
protein expression and assembly when HC and LC reside on a single plasmid or on 
two separate plasmids. On average the same number of events were generated for 
5 each strategy regardless of adding the DNA in mass equivalent amounts or molar 
equivalent amounts. Additionally, both DNA delivery strategies resulted in the same 
number of events containing all genes of interest Based on these results, DNA was 
added in mass equivalent amounts for subsequent work. 



10 
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Example 3. Vector Construction for Endosperm-Specific Anti-HSV 
Antibody Expression in Plants 

The following examples involve a monomeric IgA antibody for control of the 
Herpes simplex Virus (HS V). The two genes coding for HC and LC were introduced 
5 into plants in one vector for seed-specific expression of monomeric antibodies with 
functionality against HSV. 

The two antibody genes (HC and LC) were redesigned for optimal expression 
in plants using a method analogous to that taught in U.S. Patent No. 5,380,831, which 
is herein incorporated in its entirety. Thus, the two human HSV antibody genes HC 
10 (SEQ ID NO: 1) and LC (SEQ ID NO: 9), as well as nucleotide sequences SEQ ID 
NOs: 3, 5, 7, 9, 11 and 13, have a codon-bias that most closely resembles plant 
codons than human codons for enhanced gene expression in maize. 

Plasmid construction for the anti-HS V project required the assembly of four 
complex plasmids, each of which contain MAR sequences flanking two antibody 
15 plant transcription units (PTU), The antibody genes are under control of the maize 
gamma-zein ('gz' or ^y-zein') promoter for endosperm-specific expression (Ueda, T. 
et al, Mol. Cell. BioL14(7): 4350-9 (1994)) and terminate with the maize peroxidase 
3' UTR (per5). 

Backbone Vector Construction. The first phase of plasmid construction 
20 involved the preparation of backbone vectors. Backbone plasmids contain all the 
necessary elements for expression of the gene(s) of interest including MAR 
sequences, promoter, 3' UTR, selectable marker gene cassette and unique restriction 
sites for the single-step addition of the antibody coding regions. Another 
characteristic of the backbone vectors is the presence of unique restriction sites for the 
25 efficient removal of the antibiotic resistance gene. Another characteristic of the 
antibody-specific backbone vectors is the absence of sites that may interfere with 
cloning of antibody gene segments for future product concept vectors. 

Antibody vector construction was performed in two phases: step 1 = insertion 
of the antibody genes between the y-zein promoter and the perS 3' UTR; and step 2 = 
30 insertion of the y-zein: antibody gene:per5 cassette into the inverse MAR vector. . 

Several modifications were made to the two backbone vectors to facilitate sub-cloning 
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variable region motifs, to enable ampicillin-free fragment purification, and to support 
Southern analysis and PTU identification. An Avrll site was removed from the "step 
1" vector by nucleotide removal with T4 polymerases. Additionally, a Pmel site was 
removed from the "step 1" vector by the replacement of the existing per5 fragment 
5 with a similar fragment cured of the Pmel site. An Fspl site was added to the "step 2'' 
MAR vector by the addition of a synthetic adapter into a unique Sapl site. And 
finally, the y-zein promoter was inserted into the "step 1" vector by removing the 
ubiquitin promoter from pDAB4005 and replacing it with the y-zein promoter which 
was PGR amplified from W22 genomic DNA. The modified backbone vectors were 
10 sequenced to verify the changes. Additionally, thorough sequencing of the y-zein 
promoter was completed to ensure there were no PGR induced errors. 

Table 2 lists the backbone vectors that have been constructed and the 
modifications that have been performed to accommodate the antibody genes. 



IS Table 2. Backbone Vectors. 



New Plasmid 

# 


Modification 


Original Plasmid # 


Plasmid Parts 


pDAB8506 


Cured Avrll 


pDAB4005 


ubi/GUS/per5 


pDAB634 


Replace ubi with 
gamma zein 


pDAB8506 


gz/GUS/perS 


pDAB1416 


Remove Pmel 


pDAB634 


gz/GUS/per5 


pDAB8504 


add Fspl site 


254-3 


MAR::ra/PAT/Up::MA 
R 


pDAB1414 


Remove ra/PAT/lip 


pDAB8504 


MAR::MAR 



A more detailed description of the backbone vectors and the strategy used to 
construct them follows. 

pDAB8506 is a modified pDAB4005 vector which was designed to be a 
20 standard testing vector. It contains the maize ubi/GUS/per5 cassette and was the basis 
for subsequent backbone vectors. An Avrll site was removed from pDAB4005 using 
T4 DNA polymerase. 
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pDAB634 contains a maize gamma zein-promoter /GUS/per5 Cgz/GUS/per5') 
cassette. This plasmid was created by replacing the ubiquitin promoter of DAB 8506 
with the gamma zein promoter on a Hindlll-Ncol fragment. The gamma zein 
5 promoter was PGR amplified from W22 genomic DNA with primers designed based 
upon GenBank Accession #MZEZEIN27. 

pDAB1416 is a modification of pDAB634 where the Pmel site was deleted by 
removing the existing per5 3'UTR from the Sacl-Fsel fragment. The Pmel site was 
removed from the per5 3'UTR by PGR amplification using primers designed to cure 
10 the site. Pmel was outside of the per5 functional sequence, therefore removal of this 
site will not interfere with the functionality of the element. 

pDAB8504 is a modification of MAR vector p254-3 which contains the Rb7 
MARs in an inverse orientation relative to each other and flanking the rice 
actin/PAT/lipase 3' UTR cassette, and a multiple cloning region for the insertion of 
15 genes of interest. Plasmid pDAB8504 is essentially p254-3 except for the addition of 
an Fspl site in the plasmid backbone. A 9-bp adapter containing Fspl site was 
inserted into Sapl site in the MAR vector and resulted in the addition of three Fspl 
sites in the backbone region of the MAR vector. These Fspl sites will be used to 
remove the ampicillin resistance gene from the bulked-up plasmid prep before 
20 transfonnation. 

pDAB1414 is a modified version of pDAB8504 where the rice 
actin/PAT/lipase cassette has been removed by digestion with Pmel to delete the 
PTU. 

Antibodv Vector Construction. Three cloning steps and the preparation of two 
25 intermediate vectors were required to complete the assembly of the final antibody 
plasmids. The three cloning steps are as follows: 

1. Subclone the antibody gene between the gamma zein promoter and the 
per5 3' UTR to create a "gamma zein/antibody cassette" (Step 1 vector). 

2. Subclone the "ganuna-zein/antibody cassette" containing antibody 
30 gene #1 into the vector containing the MAR sequences (Step 2 vector). 
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3. Subclone the "gamma-zein cassette" containing antibody gene #2 into 
the MAR vector created in step #2. (Step 3 vector = Final vector) 

Vector assembly began with producing the codon-optimized genes for HC and 
LC, as discussed previously. All of the vectors were bulked-up and independently 
5 cloned into the backbone plasmid pDAB1416. New plasmid numbers were assigned 
to each of these intermediate vectors (Table 3). 



Table 3. Intermediate and final antibody constructs. 



Step* 


Plasmid # 


Plasmid Components 


1 


pDAB1415 


gz/LC/per5 


1 


pDAB1417 


g2yLCynosA 


1 


pDAB8501 


gz/HC/per5 


1 


pDAB8502 


gz/HC/nosA 


2 


pDAB8503 


MAR: :gz/LC/per5::ra/PAT/lip: :MAR 


2 


pDAB2100 


MAR::g2/LC/per5::MAR 


3 

Final 


pDAB8505 


MAR::g2/HC/per5: :gz/LC/pei-5: :ra/PAT/Iip::MAR 



10 Plasmid pDAB8505 (Figure 15) contains gz/HC/per5::gz/LC/per5 expression 

cassette flanked with reverse orientated MAR sequences (Rb7) and plasmid 
pDAB2101 contains MAR::gz/LC/per5::gz/HC/per5::MAR. Plasmid pDAB8505 was 
used in both the co-transformation and the crossing strategies. The details of vector 
construction are described below: 

15 pDAB1415 has a cassette containing gz/LC/per5. To build this construct, the 

GUS gene in pDAB 1416 was cut out with Ncol and SacI and replaced with the LC 
gene, which was also cut out from its donor vector with Ncol and SacI. 

pDAB1417 has a cassette containing gz/LCVnosA. To build this construct, the 
GUS gene in pDAB1416 was cut out with Ncol and SacI and replaced with the LC 

20 gene, which also cut out from its donor vector with Ncol and Sad. 

pDAB8501 has a cassette containing gz/HC/perS. To build this construct, the 
GUS gene in pDAB 1416 was cut out with Ncol and SacI and replaced with the HC 
gene, which was also cut out from its donor vector with Ncol and SacI. 
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pDAB8502 has a cassette containing gz/HC/nosA. To build this constixict, the 
LC gene in pDAB1417 was cut out with Ncol and Sad and replaced with the HC 
gene, which was also cut out from its donor vector with Ncol and Sad. 

pDAB8503 has a cassette containing MAR/gz/LC/per5::rice 
5 actin/PAT/lipase::MAR. To build this construct, the gz/LC/per5 cassette from 
pDAB1415 was cut out with NotI and inserted into NotI site of pDAB8504. 

pDAB8505 (Figure 5) is one of the two final vectors. It has a cassette 
containing MAR::gz/HC/per5::gz/LC/per5::rice actin/PAT/lipase::MAR. To build 
this construct, the gz/HC/per5 cassette was cut out of pDAB8501 with NotI followed 
10 by treatment with T4 DNA polymerase to create blunt ends and finally ligation into 
the Srfl site of pDAB8503. 

The final plasmids underwent a large-scale DNA purification and fragment 
purification to remove the ampicillin gene. Approximately 15 mg of each final 
plasmid (without the amp fragment) was available for transformation. 
15 The tail-less heavy chain antibody could also be obtained by making vectors 

which do not include the coding region for the tail. 

Example 4, Large-Scale DNA Fragment Purification of Plant 
Transformation Vectors for Removal of Ampicillin Resistance Gene 

20 As described previously, the removal of plasmid backbone sequences from 

plant transformation vectors is necessary to ensure that transformed plant material is 
free of any contaminating antibiotic resistance genes. A gel-based strategy for the 
large-scale removal of DNA fragments has been an effective method for producing 
transfoiTnation-quality fragment, however the process is labor intensive and time 

25 consuming. 

The first step in separation is to use restriction enzymes to cut out the gene 
construct fragment from the vector and bring down unwanted DNA fragments to the 
smallest unit possible. Fsp was used to remove the Amp fragment. With this strategy, 
the ampicillin resistance gene-containing region could be broken down into two 
30 fragments with sizes of 1023 and 1236 bp, respectively. 



wo 2004/050838 PCT/US2003/037905 

79 



In total, over 34.8 mg of amp-free pDAB8505 was produced. Quality control 
was performed using restriction digestion for each batch of DNA fragment produced 
to ensure there was no parent plasmid or partially digested fragment remaining in the 
prep, PGR amplification was used to determine the purity of processed DNA 
5 fragment before delivery. The overall purity ranged from about 98% to about 99.5%. 
In most cases, about 99% or higher purity was achieved. FPLC-based technique is 
more cost efficient than the gel purification protocol. 

Large-scale DNA fragment separation process using a FPLC-packed 
Sephacrvl S-1000 column. A 2.6/100 cm column was packed with Sephacryl S-1000 

10 using FPLC system at a constant rate. TE buffer supplemented with 150 mM NaCl 
was used for filtration media pre-washing and colunm paclcing as well as DNA 
elution. Two milligrams (1 mg/mL) of Fspl-digested pDAB3016 DNA was loaded to 
the column. A total of 500 mL elution were collected with 8 mL per collection tube. 
The elution process was monitored at 260, 280 and 320 nm. To examine the result of 

15 the separation, 20 jiL of aliquot from each collection was loaded onto agarose gel 
followed by electrophoresis. 

A 1 kb plus DNA ladder, which contained DNA fragments with sizes ranging 
from 100 bp to 12 kb was tested. Results suggested that DNA fragments with a size 
of 7 kb or above could be separated from the 1.0 and 1.2 kb ampicillin resistance 

20 fragments with the cuirent procedure. 

To impi'ove reproducibility and further enhance separation efficiency, several 
factors were studied, including DNA preheat temperatures and duration, amount of 
DNA per load and stability of column performance after continued use. A 
pretreatment of 55°C for 15-20 minutes was found to be most desirable for the best 

25 resolution (i,e., best separation efficiency). Additionally, it was determined that the 
column should be reconditioned after being used consecutively used for 3-4 times. 
Although as high as 25 ml (25 mg) could be loaded onto the column, the fragment 
recovery efficiency decreased with increased DNA loads. Greater than about 95% of 
DNA fragment could be recovered with 2 mg DNA loading. However, this recovery 

30 rate dropped to about 70% when the amount of DNA loaded increased to 5 mg (Table 
4). The 3-mg load level is the typical scale used, which has an average recovery rate 
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of about 85% in the first round of column purification. Results show that FPLC 
column chromatography is an effective technique for the removal of ampicillin gene 
fragments from plasmids prior to maize transformation. 

5 Table 4. Average DNA fragment recovery rate using FPLC-based 



column purification. 



Amount of DNA 
loaded 


Recovery rate after 1 
round of column 
purification 


Recovery rate after 2 round 
of column purification 


2mg 


95% 


N/A 




85% 


>90% 


5mg 


70% 


90% 



Example 5. Estimating Transgene Copy Number by Quantitative Real 
Time PGR (qRT PCR) 

10 The majority of transgenic events generated by direct-DNA delivery methods 

display complex insertion patterns. These multiple copy insertions malce breeding 
increasingly difficult and also lead to an increase in the frequency of silenced events. 
Thus, these should be eliminated in early stages of the transformation process. 
Transgene insertion patterns are usually determined by Southern blot analysis. 

15 However, this method is rather labor-intensive, lengthy and unfeasible to be adapted 
into a high-throughout analysis process. To circumvent these problems, techniques 
that provide quick estimation of copy number were used to discern events to discard 
early in the process. Quantitative Real Time PGR (qRT-PCR) has been developed 
and implemented to predict transgene copy number for the HSV constructs. 

20 Quantitative Real Time PGR (qRT-PCR). Quantitative real time PGR (qRT- 

PCR) has been proven to be an efficient method to estimate the transgene copy 
number of transgenic maize calli. 

Validation of this technology with the AO and IMT genes showed that the 
copy number estimated by qRT-PCR and the insertion bands determined by southern 

25 blot analysis was very close and highly correlated. 

Validations of qRT-PCR analysis with pDAB8505 (HG + LG + PAT) were 
performed. Two pairs of primers for each of the two genes, Le,, HG and IC, were 
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designed and tested with both regular PGR and qRT-PCR. To estimate transgene 
copy number in HSV transgenic maize calli, only LC was analyzed for pDAB8505 
events. 

The reproducibility of qRt-PCR was also studied. This method was found to 
5 be highly reproducible. The estimated copy numbers obtained by different 
researchers or several times by a single researcher were very close and highly 
conelated. Therefore, no replication of analysis was found to be necessary unless 
unusual data was observed. In addition, uneven distribution of events with low copy 
number and high copy number was observed. Blocks of simple events and complex 
10 events were found in some orders. This suggest that clones of events might exist as 
multiple isolates. 

Example 6. Transformations for Monomeric IgA Production in Maize 

Seed 

15 Plant cells of com inbred line 'Hill' were treated via direct-DNA delivery with 

pDAB8505 using the WfflSKERS™ transformation method (Song et ai. Plant Cell 
Reporter 20:948-954 (2002)). The "smaU-scale" WfflSKERS™ method utilized was 
able to treat about 2 ml of packed plant cells at one time. Of 541 callus events 
analyzed, about 67% (360/541) had more than 5 copies of the transcript; about 5% 

20 (29/541) had 5 copies; about 5% (27/541) had 4 copies; about 6% (33/541) had 3 

copies; about 8% (45/541) had 2 copies; about 7% (36/541) had 1 copy; and about 2% 
(11/541) had 0 copies. A total of 871 plants representing 126 events were 
regenerated, transferred to the greenhouse and grown to maturity. 

Seed production. The anti-HSV transformed plants were planted in 5-gallon 

25 pots and pollinated by inbred com line *OQ414' to produce the progeny seed that was 
analyzed for antibody production. 

Herbicide resistance, as well as being a selectable marker in vitro, is an 
important tool in field studies and trait introgression activities in planta. Leaf paint 
tests for herbicide tolerance are performed on every plant after they are established in 

30 5-gallon pots, along with a positive control (4XH753) and a negative control (Hi n 
Fl). The protocol involved applying 10 jiiL of 2.0% Finale® solution (1" square) per 
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plant, 20 cm up from the tip of the leaf. The results demonstrated that the 4XH753 
plants were clearly sensitive and that the Hi 11 Fl plants appeared tolerant to the 
herbicide. All of the anti-HSV transfonned plants except one were resistant. 

In summary, the plants believed to be transformed were painted with the 2% 
5 Finale® and plants resistant to the herbicide were selected for further reproduction 
and characterization- Leaf samples of every anti-HSV plant were also collected for 
use in Southern analysis. 

Example 7. Protein Analysis in Maize Endosperm 

10 HC/LC transformants. T] seeds were analyzed for the y-zein/HC/LC construct 

(pDAB8505) by ELIS A and SDS non-reduced Western blot. This method also 
required determining sample weight and total extractable protein in the extracts. An 
event was selected,for analysis if at least 25 seeds were produced for the event - 10 
and 20 kernels were tested for low and high seed count events, respectively. Kernels 

15 were selected from one or two ear families for testing. An ear family is the progeny 
of a single pollinated ear. 

Samples were chipped from the seed nondestructively, preserving the option 
of genninating positive seeds. The ELISA was designed to capture the heavy chain 
and detect the light chain of the IgA monomer. The standaid used for all of these 

20 events was a sIgA antibody (11890-10 from U.S. Biological). 

Western analysis showed that all of the expressing events produced assembled 
IgA monomer along with unassembled or degraded heavy and light chains. Seeds 
were considered positive if both the ELISA and Western analyses produced a positive 
result. Events were recommended to proceed to the field based on the protein 

25 expression and the segregation ratio observed within the tested kernels. 

A total of 930 individual seeds were analyzed for the pDAB8505 construct, 
representing 6'6 events with a high enough seed count to test. In summary, 33 events 
(50%) were advanced based on favorable expression and segregation data; expression 
was found for another 8 events (12%) that had problems, such as poor segregation 

30 data; and 25 events (38%) were found not to be expressing IgA. 
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Example 8, Oligosaccharide profile of Asn-269 (CH2 region of alpha 

heavy chain) of Monomeric IgA-HXS expressed in maize by MALDI-TOF MS. 

Typical procedures used in glycan analysis of monomeric IgA-HXS are 
described below. 

^ Tryptic di gest of reduced/alkvlated I^ A^HXR 100 ^lg of affmity-purified IgA- 

HXS was dried in a centrifugal evaporator in a microcentrifuge tube (0,6 mL, low 
protein binding). The pellet was resuspended in 100 pL of protein dissolution buffer 
containing 6M Guanidine hydrochloride and 0.4M ammonium bicarbonate. The 
sample was reduced by addition of 10 pL of O.IMDTT and incubation at 65° C for 1 

10 hour. After reduction, the protein sample was alkylated by addition of 20 pL of 0.2M 
iodoacetamide and incubation at room temperature for 2 hours in the dark. Alkylation 
reaction was quenched by addition of 40 pL of O.IM DTT and incubation at room 
temperature for 30 minutes. The protein was then desalted using a reversed phase 
cartridge (Protein Macro Trap, Michrom Bioresources) according to the 

15 manufacturer's procedure and elated with 150 pL of 80% acetonitrile/O.2% TFA, then 
100% acetonitrile/0.2% TFA and the eluted protein was dried in a centrifugal 
evaporator. The desalted reduced/alkylated protein was resuspended in 50 pL of 
digestion buffer (100 mM Tris-HCl, pH 8.5) and solution of trypsin (sequencing 
grade, Roche) was added at trypsinrprotein ratio of 1:100. The sample was incubated 

20 for 16 hours at 37° C. The tryptic digest was then stored at -20 °C before further steps 
were performed. 

(Altemativelv) In-gel tr vptic digest of IgA-HX8 heavv chain isolated bv SDS- 
PAGE. 70-100 pg of IgA-HX8 was dried in centrifugal evaporator, the pellet was 
resuspended in 120 pL of Laemmli sample buffer (Bio-Rad) containing 1: 19 v/v p- 

25 mercaptoethanol and the resulting solution was heated for 10 min at 95° C. The 
resulting reduced and denatured IgA-HX8 sample was loaded onto 4-20% SDS- 
PAGE gel (Bio-Rad) (6 lanes, 20 pL per lane) and the gel was run at 60 mA constant 
cunent for approximately 1 houn The gel was stained with Coomassie Blue stain. 
Bands corresponding to IgA-HXS heavy chain at --50 kDa were excised from gel and 

30 destained with destain buffer (50% acetonitrile, 50% anmaonium bicarbonate buffer. 
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pH 8.5). The destained gel pieces were dried in a centrifugal evapoi"ator and 
rehydrated with solution of trypsin (31.25 p-g/mL in 25 mM ammonium bicarbonate, 
pH 8.5). The samples were incubated at 37 ""C for 16 hours. Tryptic peptides were 
extracted from gel with 400 [jL of 50% acetonitrile/1% TFA, then 400 ^L of 70% 

5 acetonitrile/ 25% 25 nxM ammonium bicarbonate buffer/ 5% formic acid. The 

extracts were combined, filtered and dried in a centrifugal evaporator. The resulting 
isolated tryptic peptides were desalted with a CI 8 cartridge (Peptide Macro Trap, 
Michrom Bioresources) and dried in a centrifugal evaporator before digestion with 
peptide-N-glycanase A (PNGase A). 

10 f Alternatively^ Digestion of IgA-HX8 with pepsin, 25 jig of affinity-purified 

IgA-HX8 was resuspended in 200 iiL of 20mM ammonium acetate buffer, pH 3.5. 10 
\iL of pepsin (Roche) solution (2 mg/mL in 10 mM HCl) was added to the protein 
sample and the sample was incubated at 37 "^C for 16 hours. Reaction was quenched 
by addition of 5 \ih of IM NaOH and sample was heated at 95 ^'C for 30 min to 

15 completely inactivate pepsin. The sample was dried in a centriftigal evaporator and 
re-dissolved in 50 |jlL of 20 mM ammonium acetate buffer, pH 5.0, before addition of 
PNGase A. 

Enzvmatic release of N-linked oligosacchaiides. Proteolytic peptides (whole 
digests after digestion with trypsin or pepsin, or tryptic glycopeptides isolated by RP- 

20 HPLC) were dissolved in 5-50 jiL of 20 mM anmionium acetate buffer, pH 5.0, and 
5-10 jiL of peptide-N-glycosidase A solution (PNGase A, Roche) was added. The 
samples were incubated at 37 °C for 16 hours. 

Isolation of released oligosaccharides from proteolytic peptides. The 
proteolytic/PNGase-A digest was passed through C18 cartridge (Peptide Macro Trap, 

25 Michrom Bioresources; pre-conditioned according to manufacturer's procedure) and 
the flow-through fraction was collected. The cartridge was washed with 0.5 mL of 
0.1% aqueous TFA and the wash was combined with the first flow-through fraction. 
These fractions, containing released oligosaccharides, were further purified using a 
porous graphitic carbon cartridge (PGC) (GlycoClean-H, Glyko) according to the 

30 manufacturer's procedure. OUgosaccharides were eluted from PGC cartridge with 
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50% acetomtrile/0.1% TFA and dried to completeness in a centrifugal evaporator. 
The glycan samples were re-dissolved in 2.5 fxL of high-purity water and passed 
through CIS ZipTips (Millipore). CIS ZipTips were pre-conditioned according to the 
manufacturer's procedure. Purified glycan samples were then ready for analysis by 
5 MALDI-TofMS. 

Liquid ch romatography separation of trvptic peptides. Tryptic peptides 
resulting from approximately 100 [ig of affinity-purified IgA-HXS were separated by 
re versed-phase CIS chromatography. A Magic CIS, 2 mm ID x 150 mm length 
(Michrom Bioresources) and a Perkin Elmer 200 LC system was used for the 
10 separation. Constant flow rate of 0,5 wUmin was used for the separation. 100-120 
liL of the tryptic digest mixture was injected. The separation of peptides was 
accomplished using the following gradient: 100% solvent A (3% acetonitrile/ 0.06% 
TFA) isocratic for 10 min, 0 to 50% solvent B (S0% acetonitrile/ 0.05% TFA) in 165 
min, 50 to 100% solvent B in 10 min. The column was then washed with 100% 
15 solvent B for 2 min, and then re-equilibrated in 100% solvent A and washed with 
100% solvent A for 5 min. The separation was performed at room temperature. 
Elution of peptides was monitored by JJV absorption at 205 nm. 2-mL fractions were 
collected in siliconized microcentrifuge tubes and the fractions were dried in a 
centrifugal evaporator following the separation. Before analysis by MALDI-Tof MS, 
20 first four fractions were desalted using CIS ZipTips (Millipore) according to the 

manufacturer's procedure. The rest of the fractions were re-dissolved in 2 |iL of 50% 
acetonitrile/0.1% TFA and 1 jiL of the material in each fraction was examined by 
MALDI-TofMS. 

MALDI-Tof MS of released N-linked oligosaccharides. Voyager DE-STR 
25 (Applied BioSystems) MALDI-Tof mass spectrometer operated in reflectron mode 
was used. The acceleration voltage was set to 20 kV, The grid voltage was set to 69% 
of the acceleration voltage. The delay time was set to 215 nsec. The laser setting was 
approximately 3000. 500 acquisitions were averaged in each spectrum. The mass 
scale was calibrated with the following standard oligosaccharides; (GlcNAc)2(Man)5, 
30 m/z (MNa^ = 1257.46; (GlcNAc)4(Man)3(Fuc), m/z (MNa^ = 1485.56; 

(Gal)(GlcNAc)4(Man)3(Fuc), m/z (MNa^ = 1647.62; (GaI)2(GlcNAc)4(Man)3(Fuc), 
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m/z (MNa^) = 1809.68. 1 |aJL of sample of purified glycans was deposited onto a 
MALDI sample plate, overlaid with 1 |iL of sDHB matrix (9:1 v/v mixture of 18 
mg/mL 2,5-dihydroxybenzoic acid in 66% acetonitrile and 15 mg/mL 2-hydroxy-5- 
methoxybenzoic acid in 66% acetonitrile) and air-dried. 



MALDI-Tof mass spectrometer operated in reflectron mode was used. The 
acceleration voltage was set to 20 kV, The grid voltage was set to 66% of the 
acceleration voltage. The delay time varied between 215 and 350 nsec. The laser 
setting varied between 2200 and 2500. 500 acquisitions were averaged in each 

10 specti-um. The mass scale was calibrated with the following standard peptides 

(Applied BioSystems): des-Arg* -Brady kinin, m/z 904.4; Angiotensin I, m/z 1,296.6; 
Glu^-Fibrinopeptide B, ra/z 1570.6; Neurotensin, m/z 1672.9; ACTH (clip 1-17), m/z 
2093.0; ACTH (clip 18-39), m/z 2465.1; ACTH (clip 7-38), m/z 5730.6. 1 fxL of 
sample of purified peptides was deposited onto a MADDI sample plate, overlaid with 

15 1 fiL of CHCA matrix (a-cyano-hydroxycinnamic acid) and air-dried. 

Analysis of MALDI-Tof MS data. MS data were analyzed using Data 
Explorer v4.0 software (Applied BioSystems), Peptides and glycopeptides: moleculai- 
weights and amino acid sequences were attributed to the sequence of IgA-HX8 using 
MassLynx v3.4 software (Micromass). Oligosaccharides: home-written software 

20 (The Dow Chemical Company) was used to interpret mass-spectra of 
oligosaccharides. 

Example 9- Glycan Profile of N269 (CH2 region of IgA alpha Heavy 
Chain) Maize HX8 Event 81 (self) by ESI-MS 

25 Purification of Maize HX8. 



5 



MALDI-Tof MS of peptides. Voyager DE-STR (Applied BioSystems) 



30 



Product 2. 



Product 3. 



Process 3. 



Process 1. 



Process 2. 



Product 1. 



Obtain powder of maize endosperm 
Powder of maize endosperm 
IXPBS, Ihr stirring RM 
Extraction Slurry 
Centrifugation, 5000Xg, 15 min. 
Crude maize extract 
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Process 4. 



0.22 fim CA microfiltration 



Product 4. 



Filtered maize extract 



Process 5. 



Affinity purification (check overflow; if no, then 



10 



15 



20 



25 



discard) 

Product 5. Purified HX8-IgA antibody 

Affinity column preparation - antibody immobilization on PORQS matrix. 
The column was prepared mixing in a 15 ml conical tube 2 ml of POROS 20 resin 
(Applied Biosystems). The resin was rinsed with buffer (10 mM phosphate 0.15 M 
NaCl, pH 7.2) and 8 mg of each polyclonal IgG goat anti-human IgA and polyclonal 
IgG goat anti-human kappa (both from Southem Biotech) were added and allowed to 
react for 30 min at room temperature. The Ab-resin mixture was then rinsed with 15 
ml IX PBS (phosphate buffered saline: 137 mM NaCI; 2,7 mM KCl; 10 mM 
Na2HP04; 2 mM KH2PO4; pH7,4)). The anti-IgA antibodies were then crosslinked to 
the resin by the addition of 15 ml cross-linking solution (10 ml of 100 mM 
triethanolamine, pH 8.5 and 1 17 mg of dimethyl pimelimidate) and incubated for 1 
hour while slowly shaking. The cross-linking solution was removed by 
centrifugation. The reaction was quenched by the addition of 5 ml of 
monoethanolamine (100 mM, pH 9.0) followed by incubation for 30 minutes at room 
temperature while gently shaking. The slurry was then washed repeatedly with 15 ml 
IX PBS. The affinity resin was then gravity packed into columns (2.1 x 75 mM). 

Extraction of transgenic maize. Five grams maize grain degeimed and milled 
to an average particle size of 150 {im was added to 50 ml IX PBS. The extraction 
slurry was slowly stirred for 1 at room temperature. The slurry was then centrifuged 
(5000 xg for 15 min.) and the supernatant recovered. The supernatant was filtered 
(0.22 ^im) prior to affinity purification. 

Affinity column purification conditions. The anti-o/anti-^ affinity column 
was pre-equilibrated at 1 ral/min with IX PBS (pH 7.4) until a stable baseline as 
monitored at UV 280 nm was observed. The supernatant containing antibody (45 ml) 
was applied to die column at a flow rate of 0.5 ml/min. The column was then washed 
with 10 column volumes of IX PBS where a stable baseline was again observed. The 
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IgA was eluted from the column with 12 column volumes of glycine (100 mM, pH 
2.5) while collecting 5 ml fractions. Prior to the elution step, each fraction tube 
contained 500 ^li neutralizing buffer (1 M TRIS-HCL, pH 9.0). The column was then 
re-equilibrated with 10 column volumes of IX PBS. IgA containing fractions were 
5 quantified by UV absorbance at 280 nm. 

Sequential trvptic and aspartic acid-N digest of HX8. 50 |ig in 250 \il of 
affinity purified IgA was centrifugal vacuum dried in a microcentrifuge tube (1,7 ml 
low protein binding buffer). The pellet was resuspended in 35 \il protein dissolution 
buffer (7.5 ml 8 M Guanidine HCL, 316 mg ammonium bicarbonate adjusted to pH 

10 7.8, dilute to 10 ml final volume with water). The resuspended sample was reduced 
by the addition of 1.75 [il DTT (IM) and incubation at 75''C for 40 min. After 
reduction the tube was allowed to cool to room temperature. The sample was 
alkylated by the addition of 4.2 \x\ iodoacetic acid (IM, prepared in IN NaOH). The 
alkylation reaction was performed in the dark at room temperature for 40 mins. The 

15 alkylation reaction was quenched by the addition of 1 fxl of DDT (IM). The sample 
was desalted on C18 cartridge (Michrom Protein Macro Trap, Michrom Bioresources, 
Inc.) and eluted with 250 \xl elution buffer (Acetonitrile, 0. 1% TFA). The eluted 
reduced-alkylated sample was dried by centrifugal vacuum. The resulting pellet was 
resuspended in 20 \xl trypsin digestion buffer (100 mM TRIS-HCL, pHS.l, 10 mM 

20 CaCh). Trypsin (sequencing grade, Progmega) was added at a ratio of 1: 100 

(trypsin:sample) and incubated for 16 hours at 37^C. Heating the mixture at 95°C for 
3 mins halted the reaction. Ten microliters of the tryptic digest was removed for 
sequential digestion with aspartic acid-N protease (1:100 ratio enzymeisubstrate, 
Roche). The Asp-N reaction mixture was incubated at 30*^0 for 20 hours. 

25 Liquid chromatographv and nano-electrosprav ioniza tion ion trap mass 

spectrometrv of trvptic and trvptic-fAsp-N peptides. Approximately 16pmol (1 \xD 
of either tryptic or tryptic + Asp-N peptide fragment were separated by reverse phase 
C18 chromatography (Magic C18, 0.02 ID x 150 nun length, Michrom Bioresources). 
A Capillary HPLC (Agilent) plumbed with 50 [xm JD tubing throughout and running 

30 at a flow rate 03 ixl/min was used for sepaiation. The separation of peptides was 
accomplished using a gradient of 0% solvent A (0.05% TFA) isocratic for 10 min 
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followed by a gradient to 40% solvent B (Acetonitrile + 0.04% TFA) in 165 min. The 
gradient was then increased to 50% solvent B in 15 mins and held at 50% for 20 mins 
for column cleaning. The column temperature was maintained at 35^ C and peptides 
were monitored by absorbance at 215 nm and by electrospray ionization mass 
5 spectrometer. 

Nano-electrosprav ionization mass spectrometry (NESI) was performed on a 
Finnigan LCO™ Deca ion trap mass spectrometer (San Jose, CA) fitted with a 
nanosprav ion source (New Objective, Inc., Wobum, MA). The electrospray ion 
source was operated at a potential difference of between 1.3 - 1.8 kV for a flow rate 

10 of 3 }Jil/min. The NSI source was operated with a capillary temperature of 135°C with 
the capillary voltage at 42 Volts and the tube lens offset at 10 volts. The automatic 
gain control was set with full MS target 8 x 10^, Msn target 6 x 10^ and zoom target 3 
X 10^. LC NESI-MS and LC NESI-MS/MS were run in an automated LC/MS- 
LC/MS/MS mode that monitored for a signal threshold and performed MS/MS on the 

15 base peak when the threshold criterion was exceeded. The ion trap parameters were 
employed as follows. The trap was run with automatic gain controls for all 
experiments. In this mode, the system automatically selects the trapping parameters 
to keep the ions present in the trap to a constant preset value. The number of 
**microscans" collected were three and two for full MS and MS/MS, respectively. For 

20 MS/MS signal the normalized collision energy was set to 35% with an activation Q of 
0.250- 

Peptide and glycopeptide assignments. Molecular weights and annino acid 
sequences were attributed to the sequence of HX8 IgA using GPMAW (Light House 
Data, Version 5.01), and BioWorks Software (as supplied with LCQ Deca). 

25 

Sequence of tryptic + Asp-N peptide of N269 (monoisotopic). 
MH+ 1948.01 
M2H+ 974.51 
M3H+ 650.01 
30 Sequence DLLLGSEANLTCTLTGLR (SEQ ID NO: 20) 
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Table 5. Monoisotopic masses of glycopeptides vs. theoretical masses. 



Structure 


Theoretical 
Glycopeptide Mass 


Actual ■■ ■ 
Glycopeptide Mass 


Difference (m/z) 


N2M2X 


2811.4 


2811.8 


0.38 


N2M3 


2841.4 


2842.0 


0.58 


N2M2FX 


2957.5 


2975.4 


-0.07 


N2M3X 


2973.5 


2974.0 


0.53 


N2M3FX 


3120.8 


3119.5 


1.27 


N2M5 


3165.5 


3165.6 


0.07 



Example 10- Glycan Structures of IgA Anti-HS V Antibodies Produced in 

Plants 

5 Figure 6 provides a representative C18-HPLC chromatogram of the tryptic 

digest of reduced and alkylated IgA-HXS. Figure 7 provides a representative 
MALDI-Tof mass-spectrum of glycoforms of HC-T13 peptide of IgA-HX8 HC 
generated by tryptic digestion of reduced and alkylated IgA-HX8. The heterogeneity 
of glycoforms of HC-T13 peptide of IgA-HX8 HC is removed by enzymatic release 

10 (PNGase-A) of glycans (Figure 8). As shown in Figure 9, two additional glycoforms 
of HC-T13 peptide of maize-expressed IgA-HX8 HC are observed. Figure 10 
provides a representative MALDI-Tof MS profile of free N-hnked glycans 
enzymatically released from IgA-HX8. 

Table 6 provides the peptide tryptic fragments obsei-ved for the light chain of 

15 IgA-HX8 expressed in maize (event 193 self) by MALDI-Tof MS. Total peptide 
mass coverage is 100%. "L" = LC. 



I 
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Table 6- Observed peptide tryptic fragments of IgA-HX8 Light Chain 
(a representative peptide map for IgA-HX8LC, event 193) 

Sequence 

EIVLTQSPGTLSLSPGER 
ATLSCR 

ASQSVSSAYLAWYQQKP 
GQAPR 
LLIYGASSR 
ATGEPDR 

FSGSGSGTDFTLTISR 
LEPEDFAVYYCQQYGR 
SPTFGQGTK 
TVAAPSVFDPPPSDEQLK 
SGTASWCLLNFYPR 
VQWK 

VDNALQSGNSQESVTEQ 
DSK 

DSTYSLSNTLTLSK 
ADYEK 

VYACEVTHQGLR 
SPVTK 
SFNR 

ATGIPDRFSGSGSGTDFTL 
TISR 

FSGSGSGTDFTLTISRLEP 
EDFAVYYCQQYGR 
SPTFGQGTKVEIK 
RTVAAPSVFIFPPSDEQLK 

SGTASWCLLNNFYPREA 

K 

EAKVQWK 

VQWKVDNALQSGNSQES 
VTEQDSK 
ADYEKHK 



Fragment 


Amino 




add 




Residues 


T Tl 


1 1 c 




1 n 1A 


L-T3 


25-46 




4 /-J J 


T TP< 






oi-7o 


JL-1 / 


/y-y4 


T TPO 


AC 1 OO 


L-TU 


109-126 


L-T12 


127-142 


L-T14 


146-149 


L-T15 


150-169 


L.' 1 it) 


1 TA 1 C?0 

1 /U-loJ 


JL-1 i / 




T Tl Q 

JL-1 ly 


1 o 1 ono 


1-.- izu 


00*5 OAT 


T TTOl 


O/IQ Oil 


L.- 1 J-O 


jO- /o 


L.- 10-/ 


f^'X OA 


T O 


0< 107 
lU / 


T Tin 

Li- 1 lU- 


iUO-lZO 


1 1 

1 1 




T «T19- 








JL«- 1 i J- 




l/l 

Ih- 




L-T14- 


146-169 


15 




L-T17- 


184-190 


18 




L-T18- 


189-202 


19 




L-T20- 


203-211 


21 




L-T21- 


208-214 


22 





[M+H] 




SEQED 


(theor.) 


(observed) 


NO. 


loo4.Ul 


1 QOA OA 


21 


7UO.J4 


TAO A A 


22 


2423,21 


2423,50 


23. 


979. 5o 


ATA O A 

y /y.24 


24 


729.39 


TOA Ci^ 

729.55 


25 


f TA 

1632.79 


t ✓To O A A 

1633.00 


2o 


2038.89 


2038.60 


27 




AO^ T/^ 

922.70 


2b 


1946.03 


1946.30 


29 


1798.88 


1799.10 


30 


560.32 


560.40 


31 


2135.97 


2136.27 


32 


1529.77 


1530.20 


33 


625.28 


625.24 


34 


1433.68 


1433.10 


35 


531.31 


531.24 


36 


523.26 


523.40 


37 


2343.16 


2343.90 


38 


3652.65 


3652.85 


39 


1391.75 


1391.80 


40 


2102.13 


2102.40 


41 


2127.05 


2127.40 


42 


ooQ ACk 


000.4D 


A1 

4o 


2611.11 


2676.90 


44 


890.44 


890.50 


45 


1698.84 


1698.40 


46 


1035.56 


1035.61 


47 


870/34 


870.48 


48 
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Table 7 provides the peptide tryptic fragments observed for the heavy chain of 
IgA-HX8 expressed in maize (event 193 selO by MALDI-Tof mass-spectrum. Total 
peptide mass coverage is 93.8%. Observed glycopeptides are included. "ND" = not 
detected and "H"=HC. 

Table 7. Observed peptide tryptic fragments of IgA-HX8 Heavy Chain (a 
representative peptide map for IgA-HX8 HC, event 193) 



SEQ 


Fragment 


Amino 


Se<)uence 








Glycan 


ID 


acid 






( ohocrvcd) 




entry in 


No- 




residues 








Pyro-Glu on 


Tables 


49 


H-Tl 


1-12 


EVQLVQSGAE 


1268.68 


1268.80 










VK 






N-terminus 




50 


H-T2 


13-19 


KPGSSVK 


702.42 


702,33 






51 


H-T4 


24-38 


ASGGFSSYAIN 


160L77 


1601.30 












WVR 










52 


H-T5 


39-63 


QAPGQGLEW 


2695.30 


2695.50 












MGGLMPIFGT 
















TNYAQK 










53 


H-T6 


64-67 


FQDRLTITADV 


565.27 


565.33 












STSTAYMQLS 
















GLTYEDTAMY 










54 


H-T7 


68-98 


Y 

LTFTADVSTST 


3497.58 


3497.60 












AYMQLSGLTY 
















EDTAMYYCA 










55 


H-T8 


99-132 


R 

VAYMLEPTVT 


3419-74 


3420.30 












AGGLDVWGQ 
















GTLVTVSSASP 
















TSPK 










56 


H-T9 


133-176 


VFPLSLCSTQP 


4780.33 


4780.30 












DGNWIACLV 
















QGFFPQEPLSV 
















TWSESGQGVT 
















AR 










57 


H-TIO 


177-206 


NFPPSQDASG 


3169.50 


3169.40 












DLYTTSSQLTL 
















PATQCLAGK 










58 


H-Tll 


207-213 


SVTCHVK 


831.40 


ND 






59 


H-T12 


214-251 


HYTNPSQDVT 


4139.84 


4138.55 


Non- 










VPCPVPSTPPT 






glycosylated 










PSPSTPPTPSPS 






N217 










CCHPR 










60 


H-T13 


252-278 


LSLHRPALEDL 


2964.58 


2964.43 


Non- 








LLGSEANLTC 






glycosylated 










TLTGLR 






N265 




60 


H-T-13-a 


252-278 


LSLHRPALEDL 


3168.08 


3168,30 


.+GlcNAc 


11 








LLGSEANLTC 
















TLTGLR 
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SEQ 

n> 

No. 

60 



60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

61 

62 
63 

64 

65 
66 



67 
68 
69 
70 
71 



Fragment 

H-T-13-b 

H-T-13-C 

H-T-13-d 

H-T-13-e 

H-T-13-f 

H-T-13-g 

H-T-13-h 

H-T-13-i 

H-T-13-j 

H-T-13-k 

H-T-13-1 



Amino 
acid 
residues 
252-278 



Sequence 



[M+H] [M+H] 
(theor.) (observed) 



252>278 
252-278 
252-278 
252-278 
252-278 
252-278 
252-278 
252-278 
252-278 
252-278 



H-T-14 279-293 



H-T-15 
H-T-16 



H-T-17 

H-T-18 
H-T-19 



H-T-20 
H-T.21 
H-T-22 
H-T-24 
H-T-25 



294-302 
203-325 



326-337 

338-346 
347-378 



379-383 
384-388 
389-398 
401-407 
408-424 



72 H.T-26 425-431 



LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
LSLHRPALEDL 
LLGSEANLTC 
TLTGLR 
DASGVTFTWT 
PSSGK 
SAVQGPPER 
DLCGCYSVSS 
VLPGCAEPWN 
HGK 

TFTCTAAYPES 
K 

TPLTATLSK 
SGNTFRPEVH 
LLPPPSEELAL 
NELVTLTCLA 
R 

GFSPK 
DVLVR 
WLQGSQELPR 
YLTWASR 
QEPSQGTTTFA 
VTSILR 
VAAEDWK 



3371.50 

3827.05 

3857.07 

3972.96 

3989.08 

4018.98 

4060.02 

4134,79 

4180.78 

4192.07 

4342,83 



3370.50 

3826.93 

3856.92 

3971.90 

3989,07 

4018.99 

4060.06 

4135.17 

4181.15 

4192.18 

4343.20 



1540.73 1541.00 



940.49 
2596.08 



940.70 
2596.20 



1376.60 1376.04 



93L55 
3574.86 



535.29 
601.37 
1213.63 
896.46 
1835.95 



931.80 
3575.20 



535.25 

601.50 

1213.79 

896.57 

1835.50 



Notes Glycan 
entry in 
Table 3 

+(GlcNAc)2 12 



+(GlcNAc)2( 
Hex)2{Xyl) 



+(GIcNAc)2( 6 
Hex)3 

+(GlcNAc)2( 4 

Hex)2(Xyi)(F 

uc) 

+(GlcNAc)2( 1 
Hex)3(Xyl) 

+{GlcNAc)2( 8 
Hex)4 

+(GlcNAc)3( 7 
Hex)3 

+(GlcNAc)2( 3 

Hex)3(XyI)(F 

uc) 

+(GlcNAc)2( 9 
Hex)5 

+{GlcNAc)3{ 5 
Hex)3(Xyl) 



+(GicNac)2( 
Hex)6 



10 



818.40 818.45 
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SEQ 

ID 

No, 

73 


Fragment 

H-T-28 


Amino 
acid 
residues 
433-452 


74 
75 


H-T-29 
H-T-30 


453-456 
457-478 


76 


H-Tl-2 


M9 


77 


H-T2-3 


13-23 


78 


H-T3-4 


20-28 


79 


H-T17-18 


326-346 


80 
81 


H-T20-21 
H-T21-22 


379-388 
384-398 


82 


H-T22-23 


389-400 


83 


H-T27-28 


432-452 



Sequence 

GDTFSCMVGH 

EALPLAFTQK 

TIDR 

LAGKPTHVNV 
SWMAEVDGT 
CY 

EVQLVQSGAE 
VKKPGSSVK 
KPGSSVKVSC 
K 

VSCKASGGSF 

SSYAINWVR 

TFTCTAAYPES 

KTPLTATLSK 

GFSPKDVLVR 

DVLVRWLQGS 

QELPR 

WLQGSQELPR 
EK 

KGDTFSCMVG 

HEALPLAFTQ 

K 



[M+H] [M+H] 

(theor.) (observed) 

2210.03 2209.80 

504.28 504.27 

2348.13 ND 



1952.08 1951.60 

1177.63 1177.71 
2076.98 2076.50 
2289.13 2289.90 

1117.64 1117-90 
1795.98 1796.20 

1470.77 1471.07 

2338.12 2338.50 



Notes 



Glycan 
entry in 
Table 3 



C-terminal 
peptide 

Pyro-Glu on 
N-teminus 



ND = not detected. 



Figure 12 provides the suggested putative glycan structures identified on IgA- 
HX8 expressed in transgenic maize based on results of MALDI-Tof mass-spectrum, 
5 Abundances of glycan species were estimated using intensities of the corresponding 
ions in MALDI-Tof mass-spectra of free glycans enzymatically reduced from IgA- 
HX8. Figure 16 provides a summary of glycan profiling of IgA-HX8 expressed in 
transgenic maize (different events). 

10 Example 11. Neutralization of HSV-2 by Endosperm-derived HX8 

Transgenic corn seed was milled to isolate the endosperm. The endosperm 
was milled to a fine powder and the antibody was .dissolved in 0.15 M PBS. The 
Crude HX8 containing endosperm extracts were clarified by low speed centiifugation 
and affinity purified using a goat anti-human IgA affinity column. The endosperm 
15 extract was tested for their ability to neutralize HSV-2. 

190 plaque forming units per well of a HSV-2 viral stock was incubated with 
serial dilutions of endosperm derived human monoclonal antibody HX8 for 1 hr at 
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37° C, 5% CO2 in a 96 well fonnat. Neutralization activity of the HX8 antibody was 
measured using a pre-CPE assay using ELVIS /f^V cells conunercially available from 
Diagnostic Hybrids, Inc., Athens, Ohio. This cell line was derived from baby hamster 
kidney cells (BHK) co-transfected with a plasmid which contains the G418 antibiotic 
5 resistance marker and a plasmid which contains the E. coli lacZ gene placed behind 
an inducible promoter from the HSV-\ UL39 gene which encodes ICP6, the 
large subunit of //5 V ribo-nucleotide reductase (E. C. Stabell and P. D. Olivo, 
"Isolation of a Cell Line for Rapid and Sensitive Histochemical Assay for the 
Detection of Herpes Simplex Virus," J, Virological Methods 38: 195-204 (1992)). 

10 ELVIS HSV c&W monolayers were plated in a 96 well format and infected with the 
antibody-viral inoculum for 24 hours at 31^ C, 5% CO2. The supernatant was 
removed and the cells were lysed with ELVIRA lysis buffer purchased from 
Diagnostic Hybrids, Inc., Athens, Ohio. 6-galactosidase activity was detected by 
adding the ELVIRA Detection Buffer purchased from Diagnostic Hybrids, Inc., 

15 Athens, Ohio. The concentration of 6-galactosidase was detected by a 

spectrophometer OD 570 which corresponds to the level of HS V infection. The 
percent of virus neutralized by HX8 was calculated as a percentage of antibody minus 
negative control. Results obtained using this assay, which are also included in Figure 
1 1, indicate that at the given viral concentration, the antibody completely neutralizes 

20 the virus at 1 /ig/ml. 

II. Examples for Plant Production of Anti-Dual Integrin Antibody 

Except as described herein, antibodies to IgG were produced in plant cells, 
plant calli and whole plants using all of the basic experimental protocols detailed 
25 above, including those related to plasmid construction (Examples 1 and 2), vector 
construction (Examples 3 and 4), and transformation and regeneration (Example 6), 
Molecular and biochemical analysis of the IgG antibodies produced using such 
methods were determined according to the basic protocols provided in Examples 5 
and 7-11. 
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Example 12* Plasmids and Vectors Utilized to Produce IgG 

The sj)ecific IgG utilized in these experiments is one that is directed against 
the integrin receptors aVps and aVps, also known as an anti-aVP3, aVps dual 
integrin antibody. 

5 The following plasmids were utilized ("HC" = heavy chain; "LC" = light 

chain): 



Plasmid 


Promoter-Gene- 
Terminator 


Event No. or 
Sample No. 


Figure 


pDAB1472 


GluBl-HC-gluBl 
GluBl-LC-gluBl 


660 


Figure 17A 


pDAB1473 


Gzein-HC-gzein 
Gzein-LC-gzein 


661 


Figure 17B 


pDAB1474 


Gzein-HC-gzein 
Gzein-LC-gzein 


662 


Figure ISA 


pDAB1475 


Gzein-HC-gzein 
GluBl-LC-gluBl 


663 


Figure 18B 



Example 13. Plant Cell Transformation and Regeneration of IgG 

Plant cells of com inbred line *Hin' were treated via direct-DNA delivery with 
10 pDAB1472, pDAB1473, pDAB1474 or pDAB1475 using the WHISKERStm 

transformation method. These plasmids differed in the regulatory elements that were 
used to drive expression of the genes encoding the antibodies as a "test" to see which 
of the element combinations would result in the highest expression levels and 
accumulation of antibodies. 
15 The "large-scale" WHISKERS™ method utilized treats about 18 ml of packed 

plant cells at one time (Petolino et aL, Molecular Methods of Plant Analysis, &i 
Genetic Transformation of Plants, Vol. 23, pp. 147-158, Springer- Verlag, Berlin 
(2003)). The anti-dual integrin transformed plants were planted and pollinated by 
inbred com line '5XH75r so as to produce the progeny seed that was analyzed for 
20 antibody production. 
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Example 14. Estimating Transgene Copy Number of IgG 

The Invader® assay platform from Third Wave Molecular Diagnostics was 
used to predict transgene copy number for the anti-dual integrin constructs. This 
method, unlike the one used for the IgA protocol discussed above, is based on a 
5 hybridization assay rather than a polymerase. Plant cells with 1-2 copies of the 
transcript were regenerated for further testing. 

Example 15. Reduction and carboxymethylation of purified IgG, followed 
by proteolysis 

10 A 25 |xL sample was aliquoted for measurements of mass of "intact" protein 

by MALDI MS. The rest of the protein solution was dried in a siliconized 
microcentrifuge tube to completeness using a centrifugal evaporator. 180 jxL of 
protein dissolution buffer (6M guanidine hydrochloride/ 0.4M ammonium 
bicarbonate, pH 7.8) was added to dry protein and sample was mixed by pipette action 

15 to achieve complete dissolution. 20 jaI of 100 mM DTT (reducing reagent) solution 
was added to the tube. 

The tube was sealed, vortexed, and incubated at 65° C for 1 hour. It was then 
cooled to room temperature, centrifuged for 30 sec, and 40 pL of 200 mM lAA 
(alkylating reagent) solution was added to the tube. The tube was incubated in the 

20 dark at room temperature for 1 hour. 60 jiL of DTT solution was added to consume 
unreacted lAA, and the tube was allowed to stand for 30 min at room temperature. 

Desalting of the reduced/alkylated protein sample was performed as follows. 
A Protein Trap cartridge (Michrom BioResources, cat. no. 004-25108-53) was 
washed with 2 x 500 fiL 100% acetonitrile ("ACN")/ 0.1% TFA and equilibrated with 

25 500 iiL of 2% ACN/ 0.1% TFA. 4 \iL of ACN and 0.25 TFA was added to the 
reduced/alkylated protein solution (to a final concentration 2% of ACN and 0.2% 
TFA) and the solution was loaded onto the Protein Trap cartridge. The tube that 
contained the reduced/alkylated protein was rinsed with 100 jiL of 2% ACN/ 0.1% 
TFA and the rinse was loaded onto the cartridge. The Protein Trap cartridge with 

30 bound protein was washed with 500 yCL of 2% ACN/ 0.1% TFA. Desalted protein 
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10 



was eluted with 400 jxL of 80% ACN/ 0.1% TFA into a0.6-mL siliconized 
microcentrifuge tube. 

The desalted protein sample was digested with trypsin as follows. The sample 
was dried in a centrifugal evaporator to completeness, and re-dissolved in 100 pL of 
100 mM Tris buffer. pH 8-8.5. 50 pL of trypsin solution (Roche, cat. no. 1-418-025; 
25 ng dissolved in 0.5 mL of 25 mM ammonium bicarbonate buffer immediately 
prior to digestion procedure) was added to the tube, and the sample was incubated for 
16 hours at 37° C. After digestion, the sample was stored at -20° C before HPLC 
separation and/or MALDI MS analysis. 



Example 16. HPLC fractionation of IgG tryptic digest 

System settings. 

HPLC system: Hitachi LC (L-7100 pump, L^7200 autosampler, L-7420 
UVA^is detector). 

15 Column: Magic C18, 2.0 mm (ID) x 150 mm (Michrom BioResouices. cat. 

no. 901-61221-00). 

XJV detection: at 205 nm. 

Automatic injection: using 200 jiL sample loop; injection volume 100 DL. 
How rate: 0.5 mL/min, constant. 
20 Back pressure: reading should be approximately 2050-2100 psi (at 100% A). 



Mobile phases 

A: 3% ACN, 97% Milli-Q water, 0.06% TFA. 
B: 80% ACN, 20% Milli-Q water. 0.05% TFA. 



30 
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Method 



ol6p 


1 ime (mm.) 


%B 


Comments 


1 


5 


u 


elution salts 


2 


165 


0 to 50 (linear) 


main separation 


3 


10 


50 to 100 (linear) 


ACN wash 


4 


2 


100 


ACN wash 


5 


1 


100 to 0 (linear) 


re-equilibration 


6 


5 


0 


equilibration 



1-mL fractions were collected in siliconized microcentrifuge tubes and the 
fractions were dried in a centrifugal evaporator following the separation. A Gilson 
5 FC-203 fraction collector was used to collect fractions. 



Example 17. Enzymatic deglycosylation (PNGase-A procedure) 
In the separated tryptic digest, fractions containing glycopeptides were 
identified by MALDIMS. The remaining material in these fractions (--50%) was 
10 combined, dried in a centrifugal evaporator, and re-dissolved in 10 pL of 20 mM 
ammonium acetate buffer, pH 5.0. 10 fxL of peptide-N-glycosidase A (PNGase-A) 
solution (Roche, cat. no, 1-642-995) was added, and the tubes were incubated at 37° C 
for 16 hours. 

15 Example 18. Purification of released N-glycans 

The proteolytic/PNGase-A digest was passed through C18 cartridge (Peptide 
Macro Trap, Michrom Bioresources (cat no. 004-25108-52), pre-conditioned 
according to manufacturer's procedure) and the flow-through fraction was collected. 
The cartridge was washed with 0.5 mL of 0.1% aqueous TFA and the wash was 

20 combined with the first flow-through fraction. These fractions, containing released 
oligosaccharides, were further purified using an E-cartridge (QA-Bio, cat. no. C- 
EOOl, lot no. A2AA-01) according to the manufacturer's procedure. 
Oligosaccharides were eluted from E-cartridge with 50% acetonitrile/0.1% TFA and 
dried to completeness in a centrifugal evaporator. The glycan samples were re- 
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dissolved in 2.5 \ih of high-purity Milli-Q water and passed through C18 ZipTips 
(Millipore), according to the manufacturer's procedure. Purified glycan samples were 
ready for analysis by MALDI MS. 

The deglycosylated peptides captured on the C18 cartridge were eluted with 
5 100% ACN/ 0. 1 % TFA, concentrated in centrifugal evaporator, and examined by 
MALDI MS. 

Example 19. MALDI MS and PSD 

Voyager DE-STR (Applied BioSystems, serial no. 4260) MALDI-Tof mass 
spectrometer operated in positive reflectron mode was used to obtain data for peptides 
and oligosacchaiides (glycans). The instrument was operated in positive linear mode 
to obtain data for intact proteins. 

The first 4 HPLC fractions (those that eluted in the front of the chromatogram 
and contained salts) of the separated tryptic digests were dissolved in 10 \JiL of 0.1% 
TFA and combined; peptides were desalted using C18 zip tips according to standard 
protocol. The remaining HPLC fractions were dissolved in 3 |xL of 50% ACN/ 0.1% 
TFA, and some fractions were combined. 50% of each fraction (after combining) was 
deposited onto a MALDI plate (in 1.5 jiiL), overlaid with 1 fxL of CHCA matrix 
solution and air-dried. The remaining 50% of the fractions that were found to contain 
glycopeptides were further treated with PNGase-A as described above. 

Settings used to obtain MALDI spectra of peptides. The acceleration voltage 
was set to 20 kV. The grid voltage was set to 66% of the acceleration voltage. The 
delay time varied between 215 and 350 nsec. The laser setting varied between 2200 
and 3000. 500 acquisitions were averaged in each spectrum. The mass scale was 
calibrated with the following standard peptides (Applied BioSystems): des-Arg^- 
Bradykinin, m/z 904.4; Angiotensin I, m/z 1,296.6; Glu'-Fibrinopeptide B, m/z 
1570.6; Neurotensin, m/z 1672.9; ACTH (clip 1-17), m/z 2093.0; ACTH (clip 18-39), 
m/z 2465.1; ACTH (clip 7-38), m/z 5730.6. 

MALDI-PSD spectra were recorded using mirror voltage ratio 1.12; the 
following mirror ratios were used: 1, 0.85. 0.75, 0.65, 0.55, 0.4, 0,3, 0,2, 0.1, 0.05. 
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Settings used to obtain MALDI spectra of oligosacchaiides (glvcansV The 
acceleration voltage was set to 20 kV. The grid voltage was set to 69% of the 
acceleration voltage. The delay time was set to 215 nsec. The laser setting was 
approximately 3000. 500 acquisitions were averaged in each spectrum. 
5 The mass scale was calibrated with the following standard oligosaccharides: 

(GlcNAc)2(Man)5, m/z (MNa^ = 1257.46; (GlcNAc)4(Man)3(Fuc), m/z (MNa*) = 
1485.56; (Gal)(GIcNAc)4(Man)3(Fuc), m/z (MNa^-) = 1647.62; 
(Gal)2(GlcNAc)4(Man)3(Fuc), m/z (MNa^ = 1809.68. 1 jiL of sample of purified 
glycans was deposited onto a MALDI sample plate, overlaid with 1 fxL of sDHB 
10 matrix (9:1 v/v mixture of 18 mg/mL 2,5-dihydroxybenzoic acid in 66% acetonifrile 
and 15 nig/raL 2-hydroxy-5-methoxybenzoic acid in 66% acetonitrile) and air-diied. 

Conditions used to obtain MALD I spectra of intact proteins, Tlie instrument 
was operated in positive linear mode. The acceleration voltage was set to 25 kV. The 
grid voltage was set to 89% of the acceleration voltage. The extraction delay time 
15 was varied between 750 and 1500 nsec. The laser setting was approximately 3300. 
The low mass gate was set to 5000 Da. Two sets of 500 acquisitions each were 
averaged in each spectrum. 

The mass scale was calibrated with the following standard (Sequazyme IgGl, 
Applied BioSystems, cat no. GEN602151): doubly charged Sequazyme IgGl 
20 monomer at m/z 74249, singly charged Sequazyme IgGl monomer at m/z 148500. 

The following procedure was used to desalt protein sample before mass- 
spectrometry, A C4 zip-tip (Millipore) was primed with 50% ACN, then equilibrated 
with 0.1% TFA; an aliquot of the protein sample was passed through zip-tip 10 times, 
then the spent solution was returned to the original vial; the zip-tip with bound protein 
25 was washed with 0.1% TFA and protein was eluted with 3 (xL of 80% ACN/ 0.1 % 
TFA directly onto the MALDI plate (dropwise). Desalted protein sample was 
. overlaid with 1 }.iL of matrix (sinapinic acid, from Sequazyme kit. Applied 
BioSystems, cat no. P2-3 143-00) and air-dried. 

Analysis of MALDI MS data. MALDI MS and MALDI-PSD data were 
30 analyzed using Data Explorer v4.0 software (Applied BioSystems). Molecular 
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weights and amino acid sequences of peptides and glycopeptides were attributed to 
the sequence of the IgG samples using MassLynx v3A software (Micromass). 

Example 20. MALDI MS of Intact IgG 

5 MALDI MS experiments were conducted with samples of "intact" affinity- 

purified IgG protein from maize-expressed IgG for three separate transformation 
events (Le,, events 660, 661 and 663) and for CHO-expressed IgG (data not shown). 

Measured mass for the antibody light chain (LC) was within -1.0% of 
theoretical average mass (M = 23486 Da), Measured mass for intact assembled 
10 antibody was about 1.7 to 2.0% higher than expected theoretical average mass (M = 
145612 Da foi; non-glycosylated protein). TTiis discrepancy is probably explained by 
glycosylation of the heavy chain. 

Overall, the MALDI mass-spectrum for all four samples of "intact" antibody 
(three maize-expressed and the CHO-expressed) were typical of an assembled IgG. 

15 

Example 21. Peptide mapping results 

Peptide mapping results were obtained for all three maize-expressed IgG 
samples and for the CHO-expressed IgG sample (data not shown). Sequence mass 
coverages (combined tryptic and Asp-N peptide maps) and tryptic peptide maps were 

20 also obtained for all samples (data not shown). Briefly, overall sequence mass 
coverage was about 90% to about 100% for heavy and light chains in all of the 
antibody samples. N-terminal fragments were detected in all heavy and light chains. 
In all samples, the N-terminal fragment of heavy chain contained pyro-Glu as the N- 
terminal residue, which is a typical post-translational modification in antibodies. 

25 Weak signals consistent with a trace content of non-processed N-terminal heavy chain 
fragments (containing Gin as N-terminal residue) were also detected. C-terminal 
fragments of light chains were detected in all samples. In maize-expressed antibody 
samples for events 660 and 663, C-terminal fragments of heavy chains were 
represented by a mixture of a full-size C-terminal fragment (with Lys449 as C- 

30 terminal residue) and a C-terminal fragment with Lys449 deleted ("no K"). Only the 
truncated ("no K", Le. without Lys449) version of the C-terminal heavy chain 
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fragment was detected in the Cl-661 sample. Only the truncated ("no K", i.e. without 
Lys449) version of the C-tenninal heavy chain fragment was detected in CHO- 
expressed antibody. Sequences of aU N-terminal trypdc fragments and heavy chain 
C-tenninal fragments were confirmed by MALDI-PSD experiments. 

5 

Example 22. Glycosylation Profiling 

Primary stiiicture and glycosylation of the three maize-expressed and one 
CHO-expressed IgG antibodies were examined and compared to each other. Full 
profiles of the N-linked glycans observed (as glycopeptides) in the anUbody samples 
10 are provided in Figure 19 (event 660), Figure 21 (event 661), Figure 23 (event 663) 
and Figure 25 (CHO-expression). As discussed above, fucosylation is al,6 for 
mammalian-produced glycoproteins and al,3 for plant-produced glycoproteins. 

Representative MALDI-TOF of MS profiles are provided for event 660 in 
Figures 20A-B; event 661 in Figures 22A-C; event 663 in Figures 24A-B; and for the 
15 CHO expression in Figures 26A-B. Figure 22D provides the mass-spectrum results of 
the N-glycans released from H-T27 glycopeptide. Intensities in this MALDI mass- 
spectrum are roughly proportional to abundance of the neutral N-glycans. The 
MALDI mass-spectra for all samples of intact antibodies were typical of an assembled 
IgG. 

20 The two most abundant glycans observed on Asn299 of the maize-expressed 

heavy chain samples have the composition HexNAc2-Hex2-Xyl-Fuc (or N2H2XF) 
and HexNAc2-Hex3-Xyl-Fuc (or N2H3XF), whereas the most abundant glycans in 
CHO-expressed have the composition HexNAc4-Hex3-Fuc (or N4H3F) and 
HexNAc4-Hex4-Fuc (or N4H4F). The level of heavy chain modified with a single 

25 HexNAc monosaccharide appears to be higher in maize-expressed antibody samples 
than in the CHO-expressed antibody samples. N-glycosylation in the CHO-expressed 
samples appear more heterogeneous (diverse) than that in maize-expressed antibody 
samples. 

Sequences of H-T27 heavy chain tryptic fragment (/.e., the fragment 
30 containing Asn299 glycosylation site) and its variant modified with a single HexNAc 
monosaccharide were confirmed by MALDI-PSD experiments for all antibody 
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samples examined in this work. However, the signal intensities of glycoforras 
observed as free N-glycans were somewhat different from those observed as 
glycopeptides. In the MALDI mass-spectrum of H-T27 peptide glycofoims, 
glycopeptides with the glycans HexNAc2-HeX2-Xyl-Fuc (orN2H2XF) andHexNAc,- 

5 Hex3-Xyl-Fuc (or N2H3XF) produced the most intense signals. In contrast, in the 
MALDI mass-spectrum of enzymatically released free oligosaccharides, glycans 
HexNAc2-Hex3-Xyl (or N2H3X), HexNAcz-Hexa-Xyl-Fuc (or N2H3XF), and 
HexNAc2-Hex5 (or N2H5) appeared as major species. According to literature reports 
(D. Harvey. Mass Spectrometry Reviews 18:349-451 (1999)) and our own findings, 

10 MALDI MS of free glycans should give a generally more accurate estimate of relative 
quantities of N-glycans. In any case, by both approaches (i.e., glycopeptides and free 
glycans). the N-glycan HexNAcj-Hexa-Xyl-Fuc (or N2H3XF) was observed as the 

most abundant species. 

No evidence of O-linked glycosylation was found in the antibody samples 
15 examined in this work. 
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The foregoing detailed description has been given for clearness of 
understanding only and no unnecessary linxitations should be understood therefiom as 
modifications will be obvious to those slcilled in the art, 
5 While the invention has been described in connection with specific 

embodiments thereof, it will be understood that it is capable of further modifications 
and this application is intended to cover any variations, uses, or adaptations of the 
invention following, in general, the principles of the invention and including such 
departures from the present disclosure as come within known or customary practice 
10 within the art to which the invention pertains and as may be applied to the essential 
features hereinbefore set forth and as follows in the scope of the appended claims. 



